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RELATED APPLICATION 

[0001] This application is a regular filed application of and claims, for the 

purposes of priority, the benefit of U.S. Provisional Application Serial No. 
60/567,980, entitled "Graphical User Interface for Representing, Monitoring, and 
Interacting with Process Control Systems," which was filed on May 4, 2004 and 
which this application hereby expressly incorporates by reference herein in its 
entirety. This application is also related to U.S. Patent Application Serial Number 
10/625,481, entitled "Integration of Graphic Display Elements, Process Modules and 
Control Modules in Process Plants," which was filed on July 21, 2003, and which 
published as U.S. Publication No. 2004/0153804 on August 5, 2004, which, in turn, is 
a Continuation-in-Part of U.S. Patent Application Serial No. 10/278,469, entitled 
"Smart Process Modules and Objects in Process Plants," which was filed on October 
22, 2002, and which published as U.S. Publication No. 2004/0075689 on April 22, 
2004, the entire disclosures of which are hereby expressly incorporated by reference 
herein in their entirety. This application is also related to U.S. Patent Application 
Serial Number 10/368,151 entitled "Module Class Objects in a Process Plant 
Configuration System," which was filed on February 18, 2003, and which published 
as U.S. Publication No. 2004/0199925 on October 7, 2004, the entire disclosure of 
which is hereby expressly incorporated by reference herein in its entirety. This 
application is also related to the following patent applications, which are being filed 
as International (PCT) applications on the same date as this application and which this 
application hereby expressly incorporates by reference herein in their entirety: 
"Associated Graphic Displays in a Process Environment" (Atty. Docket No. 
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06005/41 1 1 1); "User Configurable Alarms and Alarm Trending for Process Control 

Systems" (Atty. Docket No. 06005/41 1 12); "Integration of Process Modules and 

Expert Systems in Process Plants" (Atty. Docket No. 06005/41 1 13); "A Process Plant 

User Interface System Having Customized Process Graphic Display Layers in an 

Integrated Environment" (06005/41 114); "Scripted Graphics in a Process 

Environment" (Atty. Docket No. 06005/41 1 1 5); "Graphics Integration into a Process 

Configuration and Control Environment" (Atty. Docket No. 06005/411 16); "Graphic 

Element with Multiple Visualizations in a Process Environment" (Atty. Docket No. 

06005/41 1 17); "System for Configuring Graphic Display Elements and Process 

Modules in Process Plants (Atty. Docket No. 06005/41 1 18); "Graphic Display 

Configuration Framework for Unified Process Control System Interface" (Atty. 

Docket No. 06005/41 124); "Markup Language-Based, Dynamic Process Graphics in 

a Process Plant User Interface" (Atty. Docket No. 06005/41 127);"Methods and 

Apparatus for Accessing Process Control Data" (Atty. Docket Nos. 06005/591623 

and 20040/59-1 1623); "Integrated Graphical Runtime Interface for Process Control 

Systems" (Atty. Docket Nos. 06005/591628 and 20040/59-11628) Service-Oriented 

Architecture for Process Control Systems" (Atty. Docket Nos. 06005/591629 and 

20040/59-1629). 

FIELD OF THE DISCLOSURE 
[0002] The present disclosure relates generally to processor control systems and, 
more particularly, to process control apparatus and methods for modifying process 
control data. 
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BACKGROUND 

[0003] Process control systems, like those used in chemical, petroleum or other 
processes, typically include one or more centralized process controllers 
communicatively coupled to at least one host or operator workstation and to one or 
more field devices via analog, digital or combined analog/digital buses. The field 
devices, which may be, for example, valves, valve positioners, switches and 
transmitters (e.g., temperature, pressure and flow rate sensors), perform functions 
within the process such as opening or closing valves and measuring process 
parameters. The process controller receives signals indicative of process 
measurements made by the field devices and/or other information pertaining to the 
field devices, uses this information to implement a control routine and then generates 
control signals that are sent over the buses or other communication lines to the field 
devices to control the operation of the process. Information from the field devices 
and the controllers may be made available to one or more applications executed by the 
operator workstation to enable an operator to perform desired functions with respect 
to the process, such as viewing the current state of the process, modifying the 
operation of the process, etc. 

[0004] Process control systems are typically configured using configuration 
applications that enable a system engineer, operator, user, etc. to define how each 
field device within a process control system should function for a particular process 
(e.g., a particular chemical production process). When a field device is added to a 
particular process or each time a change is made to the process, an engineer may 
generate a new control program or new configuration data or may update or modify 
an existing control program. Each process may use a large number of field devices, 
controllers, and/or other control devices and, thus, a control program may include 
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large amount of configuration data. Some known process control systems provide 

integrated editors that enable users to create and/or update control programs. 

However, these known programs typically display data in a manner that does not 

reveal how process control data associated with one field device relates to the process 

control data of another field device. Furthermore, the underlying database 

infrastructure does not show the set of relationships between the control system, the 

process, material flows and compositions, equipment, devices, and the operational 

displays that are used to operate, maintain, and diagnose the overall system. In other 

words, these known editors typically show process control data without revealing its 

relationship to the overall system. As used herein, the term "process control data" 

includes the control system, the process material flows and compositions, equipment, 

devices, and the operational displays that are used to operate, maintain, and diagnose 

the overall system. Further, creating or updating control programs using known 

editors is often cumbersome because it is difficult for an engineer or other user to 

keep a system diagram in view or in the user's memory while working with the 

relatively abstract view provided by the editor interface. As a result, the engineer or 

other user often needs a detailed printout of each portion of the process control system 

and then refers to the multiple printouts when using the editor. 

[0005] Known editors also typically require a user to utilize an on-site 

workstation. An engineer may often desire to create or update a control program 

while remotely situated from an on-site process control system workstation. 

However, creating or updating a control program while remotely situated from the 

process control system often requires a full installation of a process control system 

application on a portable or remotely located computer. However, the number of full 

application installations is usually limited to the number of available software 
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licenses, mobile computing power, and/or budget constraints. Even when the full 

application does not have to be installed, the relationship between the data, 

equipment, devices, processes, materials, and displays is not available. 

[0006] As newer, improved process control system applications become available, 

companies may upgrade their older process control system applications. Upgrading 

or migrating to different process control system applications is often tedious because 

of incompatibilities between older process control system applications and newer 

process control system applications or incompatibilities among process control system 

applications provided by different vendors. For example, data formats may differ 

between different process control system applications. As a result, migrating existing 

process control data often requires engineers to migrate the data manually or to 

develop custom scripts or programs that can convert prior custom data to data that is 

formatted suitable for use with the new process control system applications. 

SUMMARY 

[0007] Example methods and systems for modifying process control system data 
are disclosed herein. In accordance with one example, a method of modifying process 
control data involves obtaining the process control data in an extensible markup 
language (XML) format and converting the process control data from the XML 
format to a second data format. The process control data may then be stored in a 
database and subsequently edited by retrieving the process control data from the 
database, modifying the process control data, storing the modified process control 
data in the database, converting the modified process control data from the second 
data format to the XML format, and storing the modified process control data in the 
XML format. 
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[0008] In accordance with another example, a method may be used to obtain the 
process control data in a first data format from a database. The process control data is 
then converted from the first data format to an XML format and output via a user 
interface. At least one modified process control data value associated with the 
process control data is obtained and converted from the XML format to the first data 
format and stored in the first data format in the database. 

[0009] In accordance with yet another example, a system for modifying process 
control data includes at least one editor to edit the process control data. The system 
may also include a database to store the process control data in a first data format. A 
database interface may be communicatively coupled to the editor and the database to 
communicate information between the editor and the database. A data converter may 
be communicatively coupled to the editor and the database to convert the process 
control data from the first data format to an XML format. 

[0010] In accordance with yet another example, a system for modifying process 
control system data includes a database configured to store the process control data 
and a database server communicatively coupled to the database to access the process 
control data in the database. A query builder may be communicatively coupled to the 
database server and configured to generate queries and communicate the queries to 
the database server to enable the database server to retrieve the process control data 
from the database based on the queries. A data interface may be communicatively 
coupled to the query builder and configured to import or export the process control 
data in an extensible markup language format. 
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[0011] FIG. 1 is a block diagram illustrating an example process control system 
data manager, an example external editing system, and an example data conversion 
system, all of which may be used with a process control system. 
[0012] FIG. 2 is a detailed block diagram of the example process control system 
data manager of FIG. 1 . 

[0013] FIG. 3 is a detailed block diagram of the example external editing system 
of FIG. 1. 

[0014] FIG. 4 is a detailed block diagram of the example data conversion system 
of FIG. 1. 

[0015] FIG. 5 is an example database interface display that may be used to access, 
view, and modify data stored in a database. 

[0016] FIG. 6 is an example word processor editor interface display that may be 
used to view and modify process control data. 

[0017] FIG. 7 is an example spreadsheet editor interface display that may be used 
to view and modify process control data. 

[0018] FIGS. 8 A - 8D illustrate a sequential development of a word processor 
document using the word processor interface display of FIG. 6 to view and modify 
process control data. 

[0019] FIGS. 9 A - 9D illustrate a sequential development of a spreadsheet 
document using the spreadsheet editor interface display of FIG. 7 to view and modify 
process control data. 

[0020] FIGS. 10A and 10B illustrate an example in-place editor interface display 
of the in-place editor of FIG. 2. 

[0021] FIGS. 1 1 A and 1 IB illustrate an example multiple attribute editor interface 
display for the in-place editor of FIG. 2. 
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[0022] FIGS. 12A and 12B illustrate invalid data feedback graphics based on 

changing a row selection in the example multiple attribute editor interface display of 

FIGS. HAandllB. 

[0023] FIGS. 1 3A and 13B illustrate invalid data feedback graphics based on 
changing data cell selection in another example multiple attribute editor interface 
display. 

[0024] FIGS. 14A - 14C illustrate invalid data feedback graphics based on 
simultaneously modifying a process control data and changing a row selection in the 
example multiple attribute editor interface display of FIGS. 1 1 A and 1 IB. 

[0025] FIG. 15 is an example search and replace editor interface that may be used 
to modify process control data stored in a database. 

[0026] FIG. 1 6 is a flowchart illustrating an example method that may be used to 
implement the example systems of FIGS. 1 through 4. 

[0027] FIG. 17 is a flowchart illustrating an example method that may be used to 
import external process control data using the data conversion system and the process 
control system data manager of FIG. 1. 

[0028] FIG. 1 8 is a flowchart of an example method that may be used to generate 
process control data using the example process control system data manager of FIG. 
1. 

[0029] FIG. 1 9 is a flowchart of an example method that may be used to export 
process control data from the example process control system data manager of FIG. 1. 

[0030] FIG. 20 is a flowchart of an example method that may be used to edit 
process control data using the example external editing system of FIG. 1. 
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[0031] FIG. 21 is a flowchart of an example method that may be used to import 

modified process control data into the example process control system data manager 

of FIG. 1. 

[0032] FIG. 22 is a flowchart of an example method that may be used to 
implement a search and replace editor. 

[0033] FIG. 23 is a flowchart of an example method that may be used to 
implement an in-place editor. 

[0034] FIG. 24 is a flowchart of an example method that may be used to perform 
data editing functions associated with the external editing system of FIG. 1 and the in- 
place editor of FIG. 2. 

[0035] FIG. 25' is a block diagram of an example processor system that may be 
used to implement the example systems and methods described herein. 

DETAILED DESCRIPTION 
[0036] Although the following discloses example systems including, among other 
components, software and/or firmware executed on hardware, it should be noted that 
such systems are merely illustrative and should not be considered as limiting. For 
example, it is contemplated that any or all of these hardware, software, and firmware 
components could be embodied exclusively in hardware, exclusively in software, or 
in any combination of hardware and software. Accordingly, while the following 
describes example systems, persons of ordinary skill in the art will readily appreciate 
that the examples provided are not the only way to implement such systems. 

[0037] In contrast to known systems that allow process control data to be 
modified using only editors that are integrated with a process control system 
application, the example apparatus, methods, and articles of manufacture described 
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herein may be used to modify process control data using any of a plurality of editors 

that are integrated with process control software applications or that are external and 

function independently of process control software applications. Process control data 

can be exchanged (e.g., imported and exported) between a process control system data 

manager and editors (e.g., external editors, integrated editors, etc.) in a common data 

format or data organization such as an extensible markup language (XML) format. In 

contrast to known systems, the example apparatus, methods, and articles of 

manufacture described herein enable using any editor capable of obtaining process 

control data in the common data format to import the process control data from the 

process control system data manager, view and edit or modify the process control 

data, and subsequently export the modified data to the process control system data 

manager. Unlike known systems that tie a user to a workstation terminal that is 

connected to a process control system, an example external editing system may be 

used to view and/or modify the proqess control data while away or disconnected from 

the process control system. _ 

[0038] The example apparatus, methods, and articles of manufacture also enable a 
user to specify the particular process control data of interest to the user and the format 
or organization of the process control data. The format or organization of the process 
control data is specified via a client XML schema, which serves as the common data 
format or organization for exchanging the process control data between the process 
control system data manager and editors. In other words, client schemas are used as 
the standard, agreement, or contract for formatting or organizing process control data 
and exchanging the data between the process control system data manager and editors 
(e.g., external editors, internal editors, etc.). 
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[0039] The examples described herein are configured to enable the modification 

of the process control data by converting the process control data between data 

formats associated with the editors and the common data format or organization that 

is universally compatible with a plurality of database systems so that the process 

control data can be exchanged or conveyed between process control software 

applications and editors. This enables system engineers to edit process control data 

using any of a plurality of editors, some of which function independent of a process 

control application, so that system engineers can modify process control system 

configurations when working remotely from process control system workstations. 

For example, system engineers may import/export or otherwise exchange process 

control data between process control applications and external editors using a data 

format such as, for example, XML, which is compatible with a plurality of data 

editors. 

[0040] The example apparatus, methods, and articles of manufacture described 
herein enable a system engineer or any other authorized user to edit process control 
data in a manner that is intuitive to the system engineer by displaying process control 
data in an intuitive arrangement that relates the process control data to other portions 
of the process control system. For example, the process control data can be displayed 
within graphical representations of the process control system. Process control data 
can alternatively or additionally be displayed alongside other related process control 
data by, for example, simultaneously displaying all process control data associated 
with a particular field device type (e.g., process control data for all valve actuators). 
In any case, the examples described in greater detail below enable a user to select data 
arrangements or layouts for viewing and modifying process control data. 
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[0041] The example apparatus, methods, and articles of manufacture described 

herein also enable editing a plurality of data simultaneously to quickly modify 
attributes common to a plurality of control devices. Exchanging data in a cross- 
compatible data format such as XML also enables system engineers to efficiently 
migrate process control data from older process control applications to newer or 
upgraded process control applications. 

[0042] An example external editing system described below enables users (e.g., 
process control system engineer) to import process control data and edit the data using 
any of a plurality of external editors that function independently of a process control 
application execution environment. Specifically, in one example, a process control 
application is configured to retrieve process control data from a process control 
application database, convert the data to XML format based on a client schema, and 
export the XML data and corresponding client schema to a storage location specified 
by a user. The user may then import the XML data and client schema from the 
storage location into an external database associated with the external editing system 
to change or modify the process control data while away from the process control 
system (e.g., remotely situated from a process control system workstation) and then 
import the modified process control data into the process control application at a later 
time. 

[0043] An example integrated editor described below is configured to enable an 
edit-in-place process by displaying the process control data within a graphical 
representation of a process control system (e.g., a process control system diagram). 
For example, the process control data may be embedded within a process control 
system diagram associated with an execution context of a process control system 
application. Specifically, the process control system application can show a graphical 
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user interface screen having the process control data overlayed onto corresponding 
control devices, modules, and/or objects. A user can modify the process control data 
in an intuitively interactive manner by seeing where the control devices are located 
relative to other control devices within the process control system in addition to 
seeing control device identification codes or names and associated properties or 
attributes. 

[0044] Another example integrated editor is a search and replace editor that 
enables the modification of process control data without retrieving existing process 
control data values from a process control system database. The search and replace 
editor enables a user to quickly update or generate process control data based on user- 
specified search and replace information including, for example, a device name, a 
property name, an existing value if necessary, a replacement value, etc. The 
replacement value is then stored throughout the process control system database based 
on the search and replace information. 

[0045] Often, during process control system configuration or changes, large 
amounts of process control data need to be modified to configure control devices, 
modules, or objects for operation. The example editors described herein enable 
simultaneous editing or modification of a plurality of attributes that are common to a 
plurality of control devices, modules, or objects. For example, the flow rate of a 
plurality of pumps located throughout a process system can be modified 
simultaneously by selecting the plurality of pumps and modifying the value of the 
flow rate attribute of each of the pumps. Bulk editing the attributes of multiple 
control devices in this manner increases the efficiency and speed of configuring a 
process control system. 
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[0046] Now turning to FIG. 1, the example apparatus, methods, and articles of 
manufacture described herein may be implemented using an example process control 
system data manager 102, an example external editing system 104, and an example 
data conversion system 106. The example process control system data manager 102, 
the example external editing system 104, and the example data conversion system 106 
are configured to exchange (e.g., import and export) process control data using a 
common data format or universally compatible data format such as, for example, 
XML, and a common data arrangement or organization defined in a client schema. 
For example, although each of the example process control system data manager 102, 
the example external editing system 104, and the example data conversion system 106 
may be configured to work with process control data in a different data format, each 
of the entities 102, 104, and 106 may obtain and use or modify the same process 
control data by exchanging the process control data with one another as client XML 
data or client XML files 108. The client XML 108 includes the process control data 
and a client schema, which specifies the organization of the process control data. 
Each of the entities 102, 104, and 106 is provided with a data exchange engine or 
import/export interface configured to convert the process control data between the 
XML data format and one or more other data formats associated with each of the 
entities 102, 104, and 106. Although the common data format described herein is the 
XML data format, other common data formats may be used instead of or in addition 
to XML. 

[0047] In the examples provided herein, the process control system data manager 
102 is configured to work cooperatively with one or more process control system 
software applications. A process control system software application is used to 
automate control and management of process control systems used to implement, for 
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example, chemical, petroleum or other processes. The process control system 
applications are communicatively coupled to controllers, control modules, field 
devices, and/or other control devices located throughout a process system. The 
process control system application manages the process control devices based on 
process control data that provides configuration information (e.g., property or 
attribute values, I/O configuration data, etc.) for each of the control devices. 

[0048] To initialize a process system to implement a particular process, the 
process control system application obtains process control data from the process 
control system data manager 102 and initializes each control device associated with 
the process based on the process control data. The process control system data 
manager 102 is configured to use queries to provide process control data in response 
to data requests. The queries are used by the process control system data manager 
102 as described below to retrieve only the data that is requested. 

[0049] The process control system data manager 102 is also configured to store 
process control data and enables editing of the stored process control data. For 
example, the process control system data manager 102 is configured to store process 
control data associated with one or more process system configurations, each of 
which may be used to implement a different process. The process control system data 
manager 102 may also include one or more internal editors that enable a user to view 
and edit process control data. The process control system data manager 102 may be 
integrated with or communicatively coupled to a process control system application. 
A more detailed description of the example process control system data manager 102 
is provided below in connection with FIG. 2. 

[0050] The external editing system 104 is configured to store the process control 
data in a database or other data store that functions independently of the process 
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control system data manager 102. For example, the database or other data store can 
reside on a portable processor system (e.g., a laptop, a handheld personal digital 
assistant (PDA), etc.) and/or a removable storage medium, hi this example, the 
database or other data store can be removably coupled to a network associated with a 
process control system so that the database or data store can be removed from the 
network after importing data from, for example, the process control system data 
manager 1 02. In this manner a system engineer can modify, view, and/or create the 
process control data while away (e.g., remotely situated) from a process control 
terminal or workstation. 

[0051] The external editing system 1 04 may include or be configured to be 
communicatively coupled to one or more external data editing applications or external 
editors that enable a system engineer to view and modify or create the process control 
data stored by the external editing system 104. For example, after a system engineer 
installs machine readable and executable instructions that implement the external 
editing system 104 on a portable computer such as a laptop or a handheld PDA, the 
engineer may connect the portable computer to a network that is accessible by the 
process control system data manager 102. The system engineer may then export 
process control data from the process control system data manager 102 as the client 
XML data or files 108 and import the process control data into the external editing 
system 104 on the portable computer. The external editing system 104 may then 
convert the process control data from the XML format to another data format 
compatible with the external editing system 104. The system engineer may then 
remove the portable computer from the network and view and modify the process 
control data while away from (e.g., remote from, not in communication with, etc.) the 
process control system application using an external editor such as a word processor 
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application, a spreadsheet application, a database application, an XML editor, etc. 
The system engineer may subsequently reconnect the portable computer to the 
network and export the modified process control data to the process control system 
data manager 102 for use in configuring a process control system. A more detailed 
description of the external editing system 104 is provided below in connection with 
FIG. 3. 

[0052] The data conversion system 106 is configured to convert data from data 
formats associated with other process control system applications to the data format 
associated with the process control system data manager 102. For example, the data 
conversion system 106 may be used when migrating process control data from a 
legacy or other third party process control system application to a newer or current 
process control system application. The data conversion system 106 may be 
configured to operate as a two-way conversion system that converts process control 
data from a legacy or custom data format to XML and from XML to a legacy or 
custom data format. The data conversion system 106 exports process control data to 
the process control system data manager 102 by converting the data to the client XML 
108 and storing the client XML 108 at a designated storage location. The process 
control system data manager 1 02 may then import the client XML 108 from the 
designated storage location and convert the process control data in the client XML 
108 to a data format associated with (e.g., compatible with) the process control system 
data manager 102. In a similar manner, the process control system data manager 102 
may export process control data as XML data that the data conversion system 106 can 
subsequently import and convert to, for example, a legacy data format. A more 
detailed description of the data conversion system 106 is provided below in 
connection with FIG. 4. 
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[0053] The example structures shown in FIGS. 2-4 depicting the example process 

control system data manager 102, the example external editing system 104, and the 

example data conversion system 106 may be implemented using any desired 

combination of hardware and/or software. For example, one or more integrated 

circuits, discrete semiconductor components, or passive electronic components may 

be used. Additionally or alternatively, some or all, or parts thereof, of the example 

structures of FIGS. 2-4 may be implemented using instructions, code, or other 

software and/or firmware, etc. stored on a computer-readable medium that, when 

executed by, for example, a processor system (e.g., the processor system 2510 of FIG. 

25), perform the methods described herein. Further, the example methods described 

below in connection with FIGS. 16-24 describe example operations or processes that 

may be used to implement some or all of the functions or operations associated with 

the structures shown in FIGS. 2-4. 

[0054] FIG. 2 is a detailed block diagram of the example process control system 
data manager 102 of FIG. 1. As shown, the process control system data manager 102 
exchanges process control data with the example external editing system 104 and the 
example data conversion system 106. To exchange the process control data with the 
external editing system 104 and the data conversion system 106, the process control 
system data manager 102 is provided with a data import/export interface 202 and a 
data exchange engine 204. The data import/export interface 202 includes a user- 
interface 206 and a data storage interface 208. The user interface 206 enables a user 
to interact with the data manager 102 and may be implemented using, for example, an 
import/export wizard application that displays a sequential set of graphical user 
interface screens providing a step-by-step process to guide a user in selecting or 
defining desired filtering criteria and data arrangement (i.e., a client schema). The 
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filtering criteria are used to request process control data of interest so that only 

relevant process control data or the process control data of interest is exported. The 

data arrangement or client schema is used to organize or structure the process control 

data in the client XML 108. The data storage interface 208 is configured to store the 

client XML 108 in a storage location (e.g., a network drive, a portable computer 

storage device, etc.) designated by a user and to retrieve the client XML 108 from the 

designated storage location. The data storage interface 208 may be configured to 

access a particular type of file system (e.g., NTFS) or any other type of file or data 

storage system. 

[0055] The data exchange engine 204 includes a plurality of data access objects 
that enable access to process control data associated with a plurality of control devices 
in a process control system. Each of the data access objects is configured to request 
and interact with process control data associated with a particular type of control 
device. For example, a first data access object may be configured to access process 
control data associated with pump control devices and a second data access object 
may be configured to access process control data associated with temperature sensor 
control devices. The data exchange engine 204 provides information to the data 
import/export interface 202 regarding the types of control device properties or 
attributes that are accessible and the types of filtering criteria available for accessing 
process control data. The data import/export interface 202 obtains user-provided 
filtering criteria and communicates the filtering criteria to the data exchange engine 
204. The data exchange engine 204 then forwards process control data requests to a 
client model 210 via the software objects based on the filtering criteria. 

[0056] To manage filtering criteria used to access and retrieve process control 
data and to generate the client XML 108, the process control system data manager 
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102 is provided with the client model 210, which is communicatively coupled to the 

data exchange engine 204 and a database server 212. The client model 210 is 

configured to request access to process control data using queries 218 that are 

generated based on filtering criteria. To generate the queries 218 based on the 

filtering criteria, the client model is provided with a query builder 216. For example, 

the client model 210 obtains the filtering criteria and configures the query builder 216 

to generate the queries 218 based on the filtering criteria to obtain the requested 

process control data from a control system database 214 described below. 

[0057] To update, store, or modify process control data values in the process 
control database 214, the client model 210 is provided with an update query builder 
220. The update query builder 220 is used to generate update queries 222 any time 
modified process control data is communicated to the client model 210. Modified 
process control data may be obtained by the client model 210 from internal editors 
(e.g., an in-place editor 226 or a search and replace editor 228 described below) or 
may be imported to the process control system data manager 102 by the data 
import/export interface 202. The update queries 222 are used to identify modified 
process control data and store the modified process control data in corresponding 
entries of the control system database 214. 

[0058] The client model 210 is also configured to convert the process control data 
to the client XML 108 after receiving the process control data from the control system 
database server 212. The control system database server 212 is communicatively 
coupled to the control system database 214 and retrieves the requested process control 
data from the control system database 214 based on the queries 218. The control 
system database server 212 then returns the process control data to the client model 
210 as server XML data 224. The server XML 224 is structured or organized based 
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on the data organization or schema of the control system database 214. To enable an 

editor and/or user to access and/or interact with the process control data, the client 

model 210 converts the server XML 224 into the client XML 108 based on the client 

schema and the filtering criteria provided by the user via the user interface 206. 

Specifically, the client model 210 arranges the process control data according to the 

client schema and stores the organized process control data, the client schema, and the 

filtering criteria in the client XML 108 for subsequent retrieval by an editor or user. 

[0059] The control system database 214 is used to store process control data and 
may be implemented using any suitable type of database including, for example, a 
relational database, a structured query language database, etc. The control system 
database 214 stores the process control data in a data format that is associated with the 
type of database used to implement the control system database 214. For example, if 
the control system database 214 is an SQL database, the process control data is stored 
in the control system database 214 in an SQL data format. The database server 212 
accesses the process control data stored in the control system database 214 based on 
the queries 218 and the update queries 222. The database server 212 converts the 
process control data from a database data format (e.g., an SQL data format) to the 
server XML 224 data format and communicates the server XML 224 to the client 
model 210. 

[0060] If a user provides filtering criteria specifying flow rate data for all pump 
devices, the control system database server 212 accesses all entries in the control 
system database 214 associated with pump devices and retrieves flow rate data of the 
pump devices. If the process control system data manager 102 imports modified 
process control data, the update query builder 220 generates one of the update queries 
222 describing the process control data that has been modified and the client model 
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210 communicates the update query to the control system database server 212. The 

control system database server 212 then stores the modified process control data in 

the control system database 214 based on the update query. Prior to storing modified 

process control data in the control system database 214, the control system database 

server 212 and/or the control system database 214 may utilize process control data 

rules to ensure that erroneous process control values are not stored in the database 

214. The use of process control data rules is discussed in greater detail below in 

connection with the in-place editor 226. However, it should be recognized that, 

preferably, but not necessarily, the use of process control data rules by the in-place 

editor 226 is supplemental to the use of such rules by the database 214 and/or the 

database server 212. 

[0061] To enable viewing and modifying process control data within a process 
control system diagram (e.g., the process control system diagram 1002 of FIG. 10A) 
the process control system data manager 102 is provided with an in-place editor 226. 
The in-place editor 226 enables a user to view the process control data within the 
context of a corresponding process system diagram and to modify the process control 
data without exporting the process control data to an external editor. The in-place 
editor 226 may generate and display graphical user interface displays or screens (e.g., 
the example in-place editor interface display 1000 of FIG. 10A) or may work 
cooperatively with a process control system application to provide in-place editing 
functionality to a process control system application editor. In this manner, the 
process control system application can enable the modification of process control data 
within a control system diagram associated with an execution context of the process 
control system application. 
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[0062] The in-place editor 226 communicates with data fields embedded in a 

process control system diagram and requests process control data indicated by those 
data fields. The data fields may define a client schema that specifies how the client 
model 210 should organize process control data for the in-place editor 226. The in- 
place editor 226 requests the process control data by communicating the request to the 
client model 210, which generates one of the queries 218 to retrieve the requested 
process control data from the control system database 214. The in-place editor 226 
also communicates modified process control data values to the client model 210 for 
updating the process control data in the control system database 214. 

[0063] The in-place editor 226 may also obtain process control data rules 
associated with the process control data and compare modified process control data to 
the rules to ensure that erroneous process control data values are not stored in the 
control system database 214. Process control data rules may include threshold 
settings for particular process control data or may include formulas or functions to 
determine if modified values can be used with other settings or process control data 
values stored in the database 214. For example, each time a user modifies a process 
control data value, the in-place editor 226 may compare the modified value to one or 
more corresponding rules. If the in-place editor 226 determines, based on the 
comparison, that the modified value is not in accordance with one or more rules, the 
in-place editor 226 may alert the user via graphical feedback as described below in 
connection with FIG. 1 IB. 

[0064] The process control system data manager 102 may also include a search 
and replace editor 228 to enable the editing or modification of process control data 
stored in the control system database 214. In this manner, a user can batch update 
process control data associated with a plurality of control devices without having to 



-23- 



WO 2005/107416 PCT/US2005/015596 
retrieve and display all of the process control data of interest. Specifically, the search 

and replace editor 228 enables a user to specify via a user interface (e.g., the search 
and replace interface 1500 of FIG. 15) one or more control devices, one or more 
properties of the control devices, and a value (e.g., a modified value) to replace 
existing values stored in the control system database 214 for the selected control 
devices and properties. The search and replace editor 228 may communicate the user- 
provided search and replace information to the client model 210 and the update query 
builder 220 may generate one or more of the update queries 222 based on the search 
and replace information. The process control system database server 212 the uses the 
update queries 222 to search the control system database 214 for the selected process 
control data and to replace existing values with the user-provided replacement values. 

[0065] To store error messages associated with process control data, importing 
processes, or exporting processes, the client model 210 is configured to access a log 
file 230. The log file 230 may be stored on a computer terminal storage device or a 
network storage device and stores a list of error messages generated by the client 
model 210. For example, if the client model 210 determines that the data 
import/export interface 202 has imported invalid process control data, the client 
model 210 can generate an error message and store the error message in the log file 
230. 

[0066] FIG. 3 is a detailed block diagram of the example external editing system 
104 of FIG. 1. The external editing system 104 is configured to import and/or export 
the client XML 108 that is exported and/or imported by the process control system 
data manager 102 as described above. To import and export the client XML 108, the 
external editing system 104 is provided with a data converter/migration tool 302. The 
data converter/migration tool 302 imports process control data by converting the 
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process control data in the client XML 108 from the client XML format to another 

data format associated with a database, file system, or other data store used to store 

the process control data in the external editing system 104. The data 

converter/migration tool 302 exports the process control data by converting the 

process control data from the data format associated with the external editing system 

104 to the client XML format and organizes the process control data based on a client 

schema. The converter/migration tool 302 then exports the converted process control 

data and the corresponding client schema as the client XML 108. 

[0067] The data converter/migration tool 302 is communicatively coupled to a 

plurality of data stores to store the process control data. As shown in FIG. 3, the 

external editing system 104 may include a structured query language (SQL) database 

304, an Oracle® database 306, and/or other data store(s) 308. The other data store(s) 

308 may be, for example, a file system, a look-up table, a relational database, or any 

other suitable data store. The data converter/migration tool 302 communicates with 

each of the data stores 304, 306, and 308 via a storage adapter (e.g., an SQL adapter 

310, an Oracle® adapter 312, other adapter(s) 314). To communicate with the SQL 

database 304, the data converter/migration tool 302 is communicatively coupled to the 

SQL database 304 via the SQL adapter 310. To communicate with the Oracle® 

database 306, the data converter/migration tool 302 is communicatively coupled to the 

Oracle® database 306 via the Oracle® adapter 312. To communicate with the other 

data store(s) 308, the data converter/migration tool 302 is communicatively coupled to 

the other data store(s) 308, via the other adapter(s) 314. 

[0068] The adapters 310, 312, and 314 enable the data converter/migration tool 
302 to communicate with the data stores 304, 306, and 308 by converting the process 
control data between a client schema organization and a database schema or other 
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storage schema organization associated with the data stores 304, 306, and 308. For 
example, to store process control data in the SQL database 304, the data 
converter/migration tool 302 communicates the process control data and 
corresponding client schema (retrieved from the client XML 108) to the SQL adapter 
310. The SQL adapter 310 then converts or re-organizes the process control data to 
the data organization associated with the SQL database 304 and stores the process 
control data in the SQL database 304. The SQL adapter 310 can also convert process 
control data retrieved from the SQL database 304 to the client schema organization 
when the data converter/migration tool 302 exports process control data. The 
schemas associated with the data stores 304, 306, and 308 may be different from the 
schema associated with the control system database server 212 and the control system 
database 214 of FIG. 2. 

[0069] To enable modifying or editing the process control data, the external 
editing system 104 includes or is configured to be communicatively coupled to one or 
more editors. As shown in FIG. 3, the external editing system 104 includes an XML 
editor 316, Microsoft Office ® editors 318, or any other suitable editors 320. The 
editors 316, 318, and 320 display the process control data in a layout that may be 
defined by a user as described below in connection with FIGS. 8A-9D. In this 
manner, a user may view and edit data common to a particular device control type 
(e.g., all pump controls) at the same time, view and edit data associated with a 
specific device control, or view and edit data associated with a selected portion of a 
process system. 

[0070] The editors 3 1 6, 3 1 8, and 320 exchange process control data with one or 
more of the data stores 304, 306, and 308 via a common data source interface 322. 
The common data source interface 322 is communicatively coupled to an SQL 
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datasource 324, an Oracle® datasource 326, and an other data store datasource 328, 

each of which provides access to the SQL database 304, the Oracle® database 306, 

and the other data store(s) 308, respectively. The common data source interface 322 

and each of the datasources 324, 326, and 328 provide the editors 316, 318, and 320 

with a data interface that is abstracted from the data stores 304, 306, and 308. For 

example, the common data source interface 322 may include a plurality of abstracted 

or general data access functions that the editors 316, 318, and 320 can use to access 

process control data in any of the data stores 304, 306, and 308. The common data 

source interface 322 translates or maps general data access functions to specific data 

access functions used to communicate data access requests to the datasources 324, 

326, and 328. Because the general data access functions are not specific to any 

particular data store, the editors 316, 318, 320 can access process control data using 

the general data access functions regardless of the data store used to store the process 

control data. 

[0071 J The datasources 324, 326, and 328 include specific data access functions 
that enable the common data source interface 322 to access data in the data stores. 
The common data source interface 322 communicates (lata access requests via 
specific function calls to each of the SQL datasource 324, the Oracle® datasource 
326, and the other data store datasource 328. Each of the datasources 324, 326, and 
328 is configured to access (e.g., retrieve or store) process control data in a respective 
one of the data stores 304, 306, and 308 in response to data access requests received 
from the common data source interface 322. 

[0072] FIG. 4 is a detailed block diagram of the example data conversion system 
106 of FIG. 1. To map process control data from a custom data format to a legacy 
system data format or to an XML data format, the custom data conversion system 106 
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is provided with a custom mapper 402. As shown in FIG. 4, the custom mapper 402 
is configured to receive process control data organized as custom data 404 or legacy 
system data 406. The custom data 404 includes process control data that is organized 
in a data format that is associated with a third party process control system 
application. The legacy system data 406 is organized in a data format associated with 
an older version of the process control system application configured to function with 
the process control system data manager 102 (FIG. 1). The custom mapper 402 maps 
the process control data from the custom data 404 or from the legacy system data 406 
to a data format that can be imported by the process control system data manager 102. 
For example, the custom mapper 402 may convert the process control data to the 
XML format and export the client XML 108. The custom mapper 402 may also map 
the custom data 404 to the legacy system data 406. To convert process control data 
from the legacy system data 406 to the client XML 108, the custom data conversion 
system 106 is provided with a data converter 408. The legacy system data 406 may 
be imported by a legacy process control system application and the client XML 1 08 
may be imported by the process control system data manager 102. 
[0073] FIG. 5 is an example database interface display 500 used to interact with 
the SQL database 304 of FIG. 3. The database interface display 500 illustrates how 
process control data may be organized in the SQL database 304. The database 
interface display 500 enables access to the process control data for viewing and 
modifying the process control data and, thus, may be used as an external editor. As 
shown in FIG. 5, the process control data may be viewed in a table 502 comprising a 
plurality of columns 504, each of which includes a different attribute value for 
selected control devices. The plurality of columns 504 includes a path column 506 
and an UpdateFlag column 508. The path column 506 indicates the location on a 
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network or storage area in which the process control data for each selected control 
device is stored and is used during import/export processes to store and retrieve 
process control data requested by a user. The UpdateFlag column 508 indicates for 
each control device whether process control data for that device has been modified. 
During an import process to the process control system data manager 102 (FIG. 1), 
the client model 210 (FIG.2) may determine which process control data has been 
modified based on the information shown in the UpdateFlag column 508. 
[0074] FIG. 6 is an example word processor editor interface display 600 used to 
modify process control data. The word processor editor interface 600 is used to 
implement one of the MS-Office® editors 318 of FIG. 3. The word processor editor 
interface 600 is shown as an MS-Word® application having an open word processor 
document file 602 that includes a plurality of process control data descriptors 604 and 
a plurality of data fields 606. The document file 602, which may be auto-generated 
by a predefined template, may be designed to display process control data in any 
desired visual layout. In FIG. 6, the example visual layout includes some process 
control data, which may be provided by the SQL database 304 (FIG. 3), organized as 
a list and some process control data organized in tables. 

[0075] The visual layout of the document file 602 may be generated by adding the 
descriptors 604 anywhere in the document 602 and placing one of the data fields 606 
adjacent to each of the descriptors 604. The data fields 606 include data linking 
functions that can be configured to access data in the data stores 304, 306, and 308 
(FIG. 3). The data fields 606 may be configured to retrieve and/or store data 
associated with the process control data values of their corresponding descriptors 604. 
For example, if a process control data descriptor 604 includes the term <c Name," a 
corresponding data field 606 will include data linking information regarding the 
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location in a database from which the name of a selected control device can be 
retrieved and/or stored. The data fields 606 shown in FIG. 6 are implemented using a 
cross-application data linking tool such as, for example, the Visual Studio Tools for 
the Microsoft Office System (VSTO). Cross-application data linking tools may be 
used to exchange data between different software applications such as, for example, 
between a word processor application or a spreadsheet application and a database. 
[0076J To select a control device for which to export or import process control 
data, the word processor editor interface display 600 includes a document actions tool 
panel 608. The document actions tool panel 608 includes an import selection tool 610 
and an export selection tool 612. The import selection tool 610 can be used to select 
one or more of a plurality of control devices for which to import process control data. 
For example, after selecting a control device via the import selection tool 610, the 
data fields 606 retrieve process control data associated with the selected control 
device from, for example, the SQL database 304. The export selection tool 612 can 
be used to select one or more of a plurality of control devices for which to export 
process control data. 

[0077] FIG. 7 is an example spreadsheet editor interface display 700 used to 
modify process control data. To display process control data associated with selected 
control devices, the example spreadsheet editor interface display 700 includes a 
spreadsheet document file 702 having a plurality of columns 704, each of which 
corresponds to a particular parameter or attribute value of control devices. The 
columns 704 include a plurality of data fields 706 similar to the data fields 606 of 
FIG. 6 that access data in a database corresponding to selected control devices. The 
spreadsheet editor interface 700 also includes a document actions tool panel 708 that 



-30- 



WO 2005/107416 PCI7US2005/015596 
is substantially similar or identical to the document actions tool panel 608 of FIG. 6 
and enables importing and exporting process control data. 

[0078] Although not shown in FIGS. 6 and 7, a process system diagram (e.g., the 
process system diagram 1002 described below in connection with FIG. 10A) can be 
embedded in the word processor document file 602 and the spreadsheet document file 
702. Data fields substantially similar or identical to the data fields 606 and 706 of 
FIGS. 6 and 7 can be overlaid onto the system diagram adjacent or on top of their 
respective control devices (e.g., the control device blocks 1004 of FIG. 10A). 
[0079] FIGS. 8 A - 8D illustrate an example word processor interface display 800 
in a sequence that shows how a word processor document 802 may be designed to 
import and modify process control data using a word processor editor. A data layout 
may be configured to show the process control data that a user desires to view and/or 
modify for selected control devices. In some cases, the data layout and the process 
control data specified by a user may be used by the external editing system 1 04 and/or 
the word processor editor to generate a client schema that can be used to exchange the 
desired process control data with the process control system data manager 102. The 
word processor document 802 may be created once during a design phase as 
described below and subsequently used one or more times to access process control 
data selected during the design phase of the document 802. As shown in FIG. 8A, an 
MS-Word word processor application is used to open or create the document 802. 
The document 802 is used to create a process control data modifying interface as 
described below using a plurality of textual descriptors (e.g., the process control data 
descriptors 604 of FIG. 6) and a plurality of data fields (e.g., the plurality of data 
fields 606 of FIG. 6). The editor interface display 800 includes a document actions 
tool bar 804 showing a currently selected elements dialog 806 and an available 
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elements dialog 808. The currently selected elements dialog 806 indicates which 
control devices and associated process control data are currently displayed in the 
document 802. The available elements dialog 808 shows the available control devices 
from which a user may select. After a user selects a control device from the available 
elements dialog 808, the selected control device appears in the currently selected 
elements dialog 806. 

[0080] FIG. 8B illustrates the document 802 and the example editor interface 
display 800 after a control device has been selected. The selected control device is an 
I/O Card 810 that is shown in the currently selected dialog 808. The information 
presented in the dialog 808 may be derived from the client schema, which is stored in 
the client XML 108 (FIG. 2) as described above. An expanded view of the I/O Card 
810 shows corresponding process control data labels 812 that can be imported into the 
document 802. The process control data labels 812 correspond to the process control 
data values shown in the plurality of rows 504 of FIG. 5. To view and modify the 
process control data associated with the selected I/O Card 810, the document 802 
includes an I/O Card table 814 and a channels table 816. The tables 814 and 816 
include process control data descriptors 818 that are substantially similar or identical 
to the process control data descriptors 604 of FIG. 6. The tables 814 and 816 also 
include a plurality of data fields 820 that are substantially similar or identical to the 
data fields 606 of FIG. 6. Each of the data fields 820 corresponds to one of the 
process control data values 812. 

[0081] FIG. 8C illustrates the document 802 after a plurality of process control 
data has been added. As shown in the currently selected dialog 808, a plurality of I/O 
channels 822 has been added to the I/O Card 810. Each of the I/O channels 822 
corresponds to a physical channel of the I/O Card 810 and is used to monitor data 
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acquired by that I/O channel. Each of the data fields 820 corresponds to one of the 
I/O channels 822. The document 802 also includes process control data values 824 
imported by the data fields 820 from, for example, the SQL database 304. After 
storing the document 802 and when a user subsequently opens the document to view 
and modify the selected process control data, the document 802 may be displayed 
without showing the data fields 820 as illustrated in FIG. 8D. In this case, the data 
fields 820 work in the background to import/export the selected process control data 
while the document 802 is open. 

[0082] FIGS. 9A - 9D illustrate an example spreadsheet interface display 900 in a 
sequence that shows how a spreadsheet document 902 may be configured to import 
and modify process control data using a spreadsheet editor. The spreadsheet editor 
shown in FIGS. 9A-9D is an MS-Excel® spreadsheet application. However, any 
other suitable spreadsheet application may be used. The example spreadsheet 
interface display 900 includes a spreadsheet document 902 and a document actions 
tool panel 904. The spreadsheet document 902 may be generated once during a 
design phase and saved for subsequent retrieval when a user desires to view or modify 
process control data. In some cases, a data layout and process control data specified 
by a user via the spreadsheet interface display 900 may be used by the external editing 
system 104 and/or the spreadsheet editor to generate a client schema that can be used 
to exchange the desired process control data with the process control system data 
manager 102. 

[0083] The spreadsheet document 902 is used to show and modify process control 
data. The document actions tool panel 904 includes a data manager interface 906 and 
a legend 908. The data manager interface 906 is used to select the process control 
data to be imported into the document 902. Specifically, the data manager interface 
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906 includes a user-queries drop down list control 910 that can be used to select the 
types of control devices of interest. The legend 908 includes color-coded data status 
indicators. Specifically, the legend 908 includes a modified indicator 912, a new 
indicator 914, and a help available indicator 916. The color-coded indicators 912, 
914, and 916 may correspond to font colors, data cell border color, or data cell 
background colors to indicate additional information about the process control data in 
the spreadsheet document. For example, the modified indicator 912 indicates that a 
process control data value has been modified, the new indicator 914 indicates that a 
process control data value is new, and the help available indicator 916 indicates that 
help information is available for a process control data value. The help information 
may include a set of preconfigured items, which may be selected by one or more 
users, stored in the configuration database. 

[0084] As shown in FIG. 9B, after selecting a type of control device in the user- 
queries drop down list control 910, available process control data types 918 
corresponding to the selected type of control device are listed in a type(s) list box 920. 
As shown in FIG. 9C, after a user selects one of the process control data types 918 
and selects a load button 922, process control data values 924 associated with the 
selected one of the process control data types 918 are imported into the spreadsheet 
document 902. FIG. 9D illustrates a field helper listbox 926 in the document actions 
tool panel 904. The field helper listbox 926 is used to display additional process 
control data associated with a selected process control data value in the spreadsheet 
document 902. For example, in FIG. 9D, the field helper listbox 926 includes a 
plurality of available process control data associated with a selected process control 
data value 928 in the spreadsheet document 902. 
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[0085] FIGS. 1 OA and 10B illustrate an example in-place editor interface display 
1000 of the in-place editor 226 of FIG. 2. As shown in FIG. 10A, the in-place editor 
interface 1000 includes a process system diagram 1002 having a plurality of control 
device blocks 1004. Each of the control device blocks 1004 represents a control 
device in a process control system corresponding to the control system diagram 1002. 
Each of the control device blocks 1004 includes data fields 1006 used to view and 
modify process control data. Some of the data fields 1006 are represented using 
check boxes for enabling or disabling an I/O port and some of the data fields 1006 are 
represented using text fields for modifying the name or identification value of the 
control device blocks 1004. 

[0086] The in-place editor interface 1 000 may be configured to provide feedback 
such as graphical effects or displays associated with the modifiability of process 
control data. For example, a device name field 1008 of the control device block 
labeled *BFF is selected and shown as highlighted text, which indicates that the 
device name field is editable. In contrast, a device name field of the control device 
block labeled 'AND' is selected, but shown as non-editable not modifiable by 
showing a highlighted textbox 1010. 

[0087] To view and modify data links associated with each of the control device 
blocks 1004, the in-place editor interface 1000 is provided with a data link form 1012. 
The data link form 1012 is configured to display data locations 1014 (i.e., resolution 
paths) from which the status associated with each of the data fields 1006 maybe 
retrieved. The data link form 1012 may be displayed in response to a user selecting a 
data link menu item 1016 from a menu bar 1018. Further, the data link form 1012 is 
configurable to be a free-floating form or a docked form that is dockable to the in- 
place editor interface 1000. 
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[0088] To view and modify property values associated with each of the control 
device blocks 1004, the in-place editor interface 1000 is provided with a properties 
form 1020. The properties form 1 020 is configured to display process control data 
associated with a selected one of the control device blocks 1004 in response to a user 
selecting one of the control device blocks 1004 and then selecting a properties menu 
item 1022. The properties form 1020 includes a drop down list 1024 that maybe used 
to select one of the control device blocks 1004 from within the context of the 
properties form 1020. The properties form 1020 also includes sorting buttons 1026 
that may be selected to categorically or alphabetically sort the process control data in 
the properties form 1020. To provide tips or help with each property of the selected 
one of the control device blocks 1004, the properties form 1020 includes a tips 
textbox 1028. The in-place editor 226 (FIG. 2) may display help or tip information in 
the tips textbox 1028 for each property or process control data that a user selects in 
the properties form 1020. 

[0089] As shown in FIG. 10B, the menu bar 1018 is configured to change each 
time a user selects one or more of the control device blocks 1004. Specifically, the in- 
place editor 226 (FIG. 2) provides menu categories 1032 on the menu bar 1018 that 
are associated with the selected control device blocks 1004. For example, as shown in 
FIG. 10B, the menu categories 1032 include an 'OUT' category and a 'DISABLE' 
category, both of which are associated with the selected control device blocks 1004 
labeled CND1 and CND2. 

[0090] FIGS. 1 1 A and 1 1 B illustrate an example multiple attribute editor interface 
1 1 00 for the in-place editor 226 of FIG. 2. The multiple attribute editor interface ' 
1 100 may be used with the in-place editor interface 1000 of FIG. 10 to view and 
modify process control data associated with a process system diagram (e.g., the 
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process system diagram 1002 of FIG. 10). More specifically, the multiple attribute 
editor interface 1 100 may be used to view and modify process control data that is 
common to a plurality of control devices such as, for example, control devices 
represented by the control device blocks 1004 displayed in the in-place editor 
interface 1000. As shown in FIG. 1 1 A, the multiple attribute editor interface 1 100 
includes a table or grid 1102 having a plurality of columns 1104a-d, each of which 
corresponds to a different process control data type. If a user selects a plurality of the 
control device blocks 1004 in the process system diagram 1002, the in-place editor 
226 (FIG. 2) obtains the process control data types that are common to all the selected 
control device blocks and populates the plurality of columns 1 104a-d with the 
retrieved process control data. The editor interface display 1 100 may be implemented 
as a free-floating window associated with the in-place editor interface 1000 or as a 
docked tool panel within the in-place editor interface 1000. 

[0091] The multiple attribute editor interface 1 100 is provided with a plurality of 
user-interface controls to enable a user to modify the process control data. Each name 
cell of the name column 1 104a includes a dropdown list control 1 106. The dropdown 
list control 1 106 may be used to display a names list 1 108 from which a user can 
select available control devices. To modify the scan rate for the selected control 
devices, the scan rate column 1 104b includes a spinner control 1 1 10 in each of the 
scan rate cells. To change the path associated with the selected control devices, the 
path column 1 104c includes an ellipses browse control 1 1 12 in each of the path cells. 
Each of the data cells may also be modified by highlighting the text in the desired data 
cell and typing the modified value. 

[0092] The multiple attribute editor interface 1 100 is also configured to display a 
plurality of feedback graphical effects associated with modifying the control process 
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data. For example, to indicate that a control process data value is editable or 
modifiable, a data cell may include highlighted text 1 1 14 or a cursor 1116 when the 
data cell is selected. To indicate that the process control data in a data cell has been 
modified but not committed, persisted, or otherwise saved, the multiple attribute 
editor interface 1 100 may change a data cell border characteristic by, for example, 
adding a border highlight 1118. Additionally or alternatively, the multiple attribute 
editor interface 1 1 00 may show a pen icon 1 120 adjacent to a modified process 
control data value. The multiple attribute editor interface 1 100 may also be 
configured to indicate that process control data in a particular row has been modified 
by displaying the pen icon 1 120 in a row header cell of the row containing the 
modified process control data. 

[0093] To show error feedback, the multiple attribute editor interface 1 1 00 is 
configured to display error feedback graphical effects. The in-place editor 226 (FIG. 
2) may determine whether there are errors in the modified process control data by 
comparing each modified process control data value to one or more process control 
data rules. As shown in FIG. 1 IB, after a user selects a commit button 1 122, the in- 
place editor 226 may check or verify all of the modified values in the grid 1 102 or 
only modified data values that are selected or highlighted by a user. For example, if a 
user wants to commit only some of the modified values in the grid 1 102, the user may 
select or highlight those modified values by selecting a plurality of individual data 
cells, an entire row, or an entire column. After the selected modified values are 
highlighted, the user may select the commit button 1 122. 

[0094] If any of the modified process control data values violates any of the rules, 
the multiple attribute editor interface 1 100 may display error feedback graphical 
effects by modifying the text attributes or data cell attributes associated with the 
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modified values that are in violation to indicate that the values are invalid. For 
example, as shown in FIG. 1 IB, to indicate an invalid value status, a save or commit 
error status, or an otherwise eironeous modified value status, the multiple attribute 
editor interface 1 100 may change a background color 1 124 of the data cell, use a bold 
font 1 126 to display the invalid value, and/or display a punctuation mark 1 128 or 
other symbol adjacent to the invalid or erroneous modified process control data value. 
[0095] The multiple attribute editor interface 1 1 00 may also display the error 
feedback graphical effects 1 124, 1 126, 1 128, or any other suitable effect to indicate a 
detection that a modified process control data value has been modified substantially 
simultaneously by at least two users. For example, if a first user accesses a process 
control data value from a first computer terminal and a second user accesses the same 
process control data value from a second computer terminal and both users modify the 
process control data value substantially simultaneously, the multiple attribute editor 
interface 1 100 may alert both users by displaying one of the error feedback graphical 

effects 1124, 1126, or 1128. _ . ... . 

[0096] To save the process control data arrangement as displayed in the multiple 
attribute editor 1 100, the multiple attribute editor 1 100 is provided with a save view 
function that can be activated by selecting a save view button 1 130. The save view 
function enables a user to select a particular data arrangement for displaying selected 
process control data and saving that data arrangement for subsequent use. In this 
manner, if there is process control data that a user accesses frequently, the user need 
not arrange the data for display each time the user accesses the process control data. 
Instead, the user can retrieve the pre-defined data arrangement from, for example, the 
control system database 214 (FIG. 2) and quickly view and modify process control 
data of interest. 
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[0097] FIGS. 12A-14C illustrate a plurality of display feedback effects associated 
with modifying and persisting, committing, or otherwise saving modified process 
control data values via a multiple attribute editor interface (e.g., the multiple attribute 
editor interface 1 100 of FIGS. 1 1 A and 1 IB). The in-place editor 226 (FIG. 2) may 
save modified process control data values based on any of a plurality of user interface 
interactions associated with the multiple attribute editor interface 1 100. For example, 
a user may select the commit button 1 122 (FIG. 1 IB) to save the modified data 
values. Alternatively, as described below, modified data may be saved in response to 
a user's pointer navigation through the multiple attribute editor interface 1 100. 
Specifically, the multiple attribute editor interface 1 100 may cause the in-place editor 
226 to save or commit modified process control data in a section (e.g., a row, a 
column, etc.) of the multiple attribute editor interface 1 100 each time a user changes 
focus from that section to another section. 

[0098] FIGS. 12A and 12B illustrate invalid data feedback based on changing a 
row selection in the example multiple attribute editor interface display 1 100 of FIGS. 
1 1 A and 1 IB. As shown in FIG. 12A a focus effect 1202 is shown on a first row 
1204 of the multiple attribute editor interface display 1 100, indicating that the first 
row 1204 is currently selected. Changing the row selection from the first row 1204 to 
a second row 1206 as shown in FIG. 12B causes the focus effect 1202 to highlight or 
otherwise emphasize the second row 1206. Changing the row selection and the focus 
effect 1202 causes the in-place editor 226 (FIG. 2) to verify the modified values in the 
previously selected row (e.g., the first row 1204) by comparing all of the modified 
values in the previously selected row to one or more process control data rules 
associated with those modified values. Also, changing the row selection and the 
focus effect 1202 may cause the in-place editor 226 to commit or save the modified 
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values if the modified values are acceptable based on the one or more process control 
data rules. In this case, after comparing the modified values to the one or more rules, 
the in-place editor 226 communicates the acceptable modified values to the client 
model 210 (FIG. 2) and causes the client model 210 to store the modified values in 
the control system database 214 (FIG. 2). 

[0099] If the in-place editor 226 determines that any of the modified values are 
not acceptable based on the rules, the multiple attribute editor interface display 1 100 
shows graphical feedback effects to highlight or otherwise emphasize the erroneous, 
invalid, or otherwise unacceptable modified values. For example, in FIG. 12B an 
exclamation mark 1208 is displayed adjacent a 500 ms modified scan rate value 1210 
and the font of the modified value 1210 is: bolded. 

[00100] FIGS. 13A and 13B illustrate invalid data feedback based on changing 
data cell selection in another example multiple attribute editor interface display 1300. 
As shown in FIG. 13 A, a focus effect 1302 is shown on a scan rate data cell 1304 
indicating that the data cell 1304 is currently selected. Changing the data cell 
selection from the scan rate data cell 1304 to a name data cell 1306 as shown in FIG. 
13B causes the focus effect 1302 to show on the name data cell 1306. Changing the 
data cell selection and the focus effect 1302 causes the in-place editor 226 (FIG. 2) to 
verify the modified value in the previously selected data cell (e.g., the scan rate data 
cell 1304) by comparing the modified value in the previously selected data cell to one 
or more process control data rules corresponding to the modified value. If the 
modified value is acceptable or valid, the in-place editor 226 communicates the 
acceptable modified value to the client model 210 (FIG. 2) and causes the client 
model 210 to store the modified values in the control system database 214 (FIG. 2). If 
the in-place editor 226 determines that the modified value in the scan rate data cell 
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1304 is invalid or unacceptable, the multiple attribute editor interface 1300 may 
display an exclamation mark 1308 or any other symbol adjacent to the invalid 
modified value and/or bold the text of the modified value. 

[00101] FIGS. 14A - 14C illustrate invalid data feedback based on simultaneously 
modifying a plurality of process control data and changing a row selection in the 
example multiple attribute editor interface display 1 100 of FIGS. 1 1 A and 1 IB. As 
shown in FIG. 14A, the multiple attribute editor interface 1 100 may be used to select 
and modify a plurality of process control data values or attribute values that are 
common to a plurality of control devices. A plurality of scan rate values selected in a 
scan rate column 1402 can be modified by using the spinner controls 1 108, by typing 
over the selected values, or via a dialog display 1404. For example, the multiple 
attribute editor interface display 1 100 may be configured to show the dialog display 
1404 any time two or more process control data values are selected. The values of all 
the selected process control data values can be modified simultaneously via the dialog 
display 1404. Selecting an OK button 1406 hides the dialog display 1404 and 
populates the data cells in the scan rate column 1402 with the modified value 
provided via the dialog display 1404 as shown in FIG. 14B. 

[00102] The modified values in the scan rate column 1402 may be persisted, 
stored, or otherwise saved based on changing a column selection from the scan rate 
column 1402 to another column. For example, after hiding the dialog display 1404 
and populating the scan rate column 1402 a focus effect 1406 is shown on the selected 
scan rate column 1402. Changing the column selection from the scan rate column 
1402 to a name column 1408 as shown in FIG. 14C causes the focus effect 1406 to 
show on the name column 1408. Changing the column selection and the focus effect 
1406 causes the in-place editor 226 (FIG. 2) to verify the modified values in the 
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previously selected column (e.g., the scan rate column 1402) by comparing the 
modified values to one or more process control data rules corresponding to the 
modified value in the previously selected column. If one or more of the modified 
values are acceptable or valid, the in-place editor 226 communicates the acceptable 
modified values to the client model 210 (FIG. 2) and causes the client model 210 to 
store the modified values in the control system database 214 (FIG. 2). If the in-place 
editor 226 determines that one or more of the modified values are invalid or 
unacceptable, the multiple attribute editor interface 1 100 displays a graphical 
indicator to accentuate or emphasize the one or more invalid modified values. 

[00103] FIG. 15 is an example search and replace editor interface 1500 that maybe 
used to modify process control data stored in the control system database 214 (FIG. 
2). The search and replace editor interface 1500 is used by a user to provide search 
and replace information regarding process control data stored in the control system 
database 214. The search and replace editor interface 1500 communicates the search 
and replace information to the search and replace editor 228 described above in 
connection with FIG. 2 to search and replace process control data as specified by a 
user. As shown in FIG. 15, the search and replace information may be provided via a 
control device(s) data field 1502, a property data field 1504, an existing value data 
field 1506, and a replacement value data field 1508. Each of the data fields 1502, 
1504, 1506, and 1508 includes a drop down list control 1510 that can be used to 
display a list (not shown) of selections for each data field. The search and replace 
editor 228 may populate the lists for the control device(s) data field 1502, the property 
data field 1504, and the existing value data field 1506 by retrieving all possible values 
for each of the data fields 1502, 1504, and 1506 from the control system database 214. 
For example, the search and replace editor 228 may send a data request to the client 
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model 210 and the query builder 216 may generate one or more of the queries 218 to 
retrieve the requested process control data from the control system database 214. 

[00104] One or more control devices (e.g., the control device blocks 1004 of FIG. 
10A) may be selected simultaneously via the control device(s) data field 1502. In this 
manner, a user may simultaneously replace all the values for process control data that 
are common to a plurality of selected control devices. A user may select via the 
property data field 1504 the property or attribute of the one or more selected control 
devices for which the user wants to replace existing values. If there are specific 
existing values that the user wants to replace for the selected property or attribute, the 
user can provide the specific existing value in the existing value data field 1506. "The 
user specifies via the replacement value data field 1508 the value with which the 
specified existing values or all the values for the selected property are to be replaced. 

[00105] FIGS. 16 through 24 illustrate flowcharts representative of example 
machine readable and executable instructions for implementing the example process 
control system data manager 102, the example external editing system 104, and the 
example data conversion system 106 of FIG. 1 . In these examples, the machine 
readable instructions comprise a program for execution by a processor such as the 
processor 2512 shown in the example processor system 2510 of FIG. 25. The 
program may be embodied in software stored on a tangible medium such as a CD- 
ROM, a floppy disk, a hard drive, a digital versatile disk (DVD), or a memory 
associated with the processor 2512 and/or embodied in firmware or dedicated 
hardware in a well-known manner. For example, any or all of structures within the 
example process control system data manager 102, the example external editing 
system 104, and the example data conversion system 106 could be implemented by 
software, hardware, and/or firmware. Further, although the example program is 
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described with reference to the flowcharts illustrated in FIGS. 16-24, persons of 
ordinary skill in the art will readily appreciate that many other methods of 
implementing the example process control system data manager 102, the example 
external editing system 104, and the example data conversion system 106 may 
alternatively be used. For example the order of execution of the blocks may be 
changed, and/or some of the blocks described may be changed, eliminated, or 
combined. Furthermore, the data manager 102 has foil access to all of the 
relationships between the control system, the process, the material flows and 
compositions, equipment, devices, and the operational displays. 

[00106] Now turning in detail to the flowchart of FIG. 16, during operation the 
process control system data manager 102 determines whether it should import 
external process control data (block 1602). For example, if the data import/export 
interface 202 (FIG. 2) generates an import command or instruction, the process 
control system data manager 102 may determine at block 1602 that it needs to import 
external process control data. The data import/export interface 202 may assert an 
import command in response to user input provided via the user interface 206 (FIG. 
2). Alternatively, the in-place editor 226 (FIG. 2) may generate a new data command 
or instruction indicating that a user is generating new process control data via, for 
example, the example in-place editor interface 1000 (FIG. 10A). For example, a user 
may generate new process control data by drawing and connecting control device 
blocks (e.g., the control device blocks 1004) to form a system diagram (e.g., the 
process system diagram 1002 of FIG. 10A) in the in-place editor interface 1000 and 
specifying process control data to define the functionality of each control device 
block. 
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[00107] If the process control system data manager 102 determines at block 1602 
that it needs to import external process control data, the process control system data 
manager 102 imports the external process control data (block 1604) as described 
below in connection with the flowchart of FIG. 17. The external process control data 
may be custom data or legacy process control data as described above in connection 
with the data conversion system 106 of FIGS. 1 and 4. If the process control system 
data manager 102 determines at block 1602 that process control data is not to be 
imported, then the process control system data manager 102 may instead generate 
new process control data (block 1606) as described below in connection with FIG. 18. 

[001 08] The process control system data manager 1 02 then determines whether it 
has received a request to modify or edit process control data (block 1608). A request 
to edit process control data may be provided by the data import/export interface 202 
in response to user input provided via the user interface 206. For example, a user may 
select to export selected process control data for viewing or modifying, which the 
process control system data manager 102 interprets as a request to modify or edit the 
selected process control data. Alternatively, a request to edit process control data may 
be provided by the in-place editor 226 (FIG. 2) in response to user input provided via 
the in-place editor interface 1 000 of FIG. 10A. For example, if a user opens a system 
diagram (e.g., the process system diagram 1002 of FIG. 10A) and/or selects process 
control data fields (e.g., the device name field 1008 of FIG. 10A), the in-place editor 
226 generates a request to access for editing the process control data corresponding to 
the system diagram or the selected process control data fields. 

[00109] If the process control system data manager 102 determines at block 1608 
that it has received a request to modify or edit process control data, the process 
control system data manager 1 02 deteimines whether the request to modify or edit 
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specifies using the external editing system 104 (FIG. 1) (block 1610). If the request 
specifies using the external editing system 104, the process control system data 
manager 102 exports the requested process control data (block 1612) as described 
below in connection with FIG. 19. A user may then edit the process control data 
using the external editing system 104 (block 1614) as described below in connection 
with FIG. 20. The process control system data manager 102 then imports the 
modified process control data (block 1616) as described below in connection with 
FIG. 21. 

[001 1 0] If at block 1 6 1 0 the process control system data manager 1 02 determines 
that the edit request received at block 1608 does not specify using the external editing 
system 104, the process control system data manager 102 determines whether the edit 
request specifies using a search and replace editor (e.g., the search and replace editor 
interface 1500 of FIG. 15) (block 1618). If the edit request specifies a search and 
replace editor, then the process control data is edited using the search and replace 
editor engine 228 (FIG. 2) (block 1620) as described below in connection with FIG. 
22. Otherwise, the process control data is edited in place (block 1622) using the in- 
place editor 226 as described below in connection with FIG. 23. 

[00111] After the process control system data manager 102 imports the modified 
process control data at block. 1616 or after the process control data is edited or 
modified at block 1620 or block 1622 or if the process control system data manager 
102 determines at block 1608 that it has not received a request to edit process control 
data, the process control system data manager 102 determines whether it should 
continue to monitor commands or instructions (block 1624). If the process control 
system data manager 102 continues to monitor commands or instructions, control is 
passed back to block 1602. Otherwise, the process ends. 
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[001 12] FIG. 1 7 is a flowchart illustrating an example method to import external 
process control data using the data conversion system 106 and the process control 
system data manager 102 of FIG. 1 . The example method depicted in the flowchart of 
FIG. 17 may be used to implement the operation of block 1604 of FIG. 16 by 
converting external process control data such as custom data or legacy data to the 
client XML 108 (FIGS. 1-4) via the data conversion system 106 and importing the 
client XML 108 into the process control system data manager 102. 

[00113] Initially, the data conversion system 106 determines if the external process 
control data is in a legacy data format (block 1702). If the external process control 
data is not in a legacy data format, the external process control data is in a custom 
data format. In this case, the data conversion system 106 maps the custom process 
control data to a client XML format (block 1704). For example, the data conversion 
system 106 may receive the custom process control data 404 (FIG. 4) and map the 
custom process control data via the custom mapper 402 (FIG. 4) to the client XML 
108. If the external process control data is in legacy data format, the data conversion 
system 106 converts the legacy data format to the client XML 108 (block 1706). The 
client XML 108 may be exported at block 1704 or at block 1706 to a user-designated 
storage location such as, for example, a network drive, a local drive, etc. 

[001 14] After the client XML 108 is exported by the data conversion system 106, 
the process control system data manager 102 imports the client XML 108 (block 
1708). For example, the data import/export interface 202 (FIG. 2) of the process 
control system data manager 102 can retrieve the client XML 108 from the designated 
storage location and communicate the client XML 108 to the client model 210. The 
client model 210 (FIG. 2) can then build a query (e.g., one of the queries 218) via the 
query builder 216 (FIG. 2) to store the process control data from the client XML 108 
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to the control system database 214 (FIG. 2). The process then returns control to, for 
example, the operation of block 1608 of FIG. 16. 

[00115] FIG. 1 8 is a flowchart of an example method that may be used to generate 
process control data using the example process control system data manager 102 of 
FIG. 1. The example method of FIG. 18 maybe used to implement the operation of 
block 1606 of FIG. 16 to generate new process control data. The process control data 
may be generated in response to user input obtained via the in-place editor 226 (FIG. 
2). Initially, the process control system data manager 102 generates process control 
software objects (block 1802) associated with control devices in a process system. 
For example, a user may create one or more control device blocks 1004 (FIG. 10A) 
via the in-place editor interface 1000 (FIG. 10A) to create the control system diagram 
1002 (FIG. 10A). For each of the control device blocks 1004, the process control 
system data manager 102 generates a process control software object. The process 
control system data manager 102 uses the process control software objects to manage 
the process control data associated with each of the control device blocks 1 004. 

[00116] The process control system data manager 102 then obtains process control 
data for each of the process control software objects (block 1804). For example, after 
a user creates one of the control device blocks 1004, the user may create process 
control data values for that control device block 1004. The newly created process 
control data is then communicated from the in-place editor 226 to the client model 
210 to be stored in the control system database 214. The client model 210 then 
generates a server schema for the new process control data (block 1806) and one or 
more filtering criteria queries (block 1808). The filtering criteria queries specify what 
new process control data is being generated. For example, a user may create one of 
the control device blocks 1004 and only generate process control data for a portion of 
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the control device block 1004. In this case, the filtering criteria query specifies the 
portions of the control device block 1004 for which the user generated process control 
data. 

[00117] The control system database server 212 (FIG. 2) then obtains the process 
control data from the client model 210 and stores the process control data in the 
control system database 214 (block 1810). For example, the client model 210 may 
communicate the server schema, the filtering criteria query generated at block 1808, 
and the process control data to the control system database server 212. The control 
system database server 212 may store the process control data in the control system 
database 214 based on the server schema and the query. The process then returns 
control to, for example, the operation of block 1608 (FIG. 16). 

[00118] FIG. 19 is a flowchart of an example method that may be used to export 
process control data from the example process control system data manager 102 of 
FIG. 1. The example method of FIG. 19 may be used to implement the operation of 
block 1612 of FIG. 16. Initially, the data import/export interface 202 obtains a 
process control data request (block 1902). For example, the process control data 
request may be provided by a user via the user interface 206. The process control 
system data manager 102 then determines whether to generate a client schema for the 
requested process control data (block 1904). For example, a user may specify the 
generation of a client schema for the requested process control data. Alternatively, 
the client model 210 may generate one of the queries 218 to cause the control system 
database server 212 to verify whether a client schema for the requested data is stored 
in the control system database 214. 

[00119] If a user specifies via the user interface 206 that a client schema should be 
generated or if the client model 210 determines that a client schema does not already 

-50- 



WO 2005/107416 _ PCT/US2005/015596 

exist (e.g., is not stored in the control system database 214), the process control 
system data manager 102 generates the client schema (block 1906). For example, the 
client model 210 may generate a client schema for the requested process control data 
based on user-input that specifies the client schema. Alternatively, the client model 
210 may generate the client schema from a pre-defined schema template. The process 
control system data manager 102 then determines whether to exit the export process 
(block 1908). For example, if after creating a client schema a user desires to finish 
the export process at a later time, the user may indicate via the user interface 206 to 
finish the export later. In this case, the control system database server 212 stores the 
client schema in the control system database 214 (block 1910). In this manner, the 
user may subsequently retrieve the client schema at any time that the user chooses to 
continue the export process. 

[00120] If the user chooses to continue with the export process, the process control 
system data manager 102 determines at block 1908 that it should not exit. In this 
case, the client model 210 generates a query (e.g., one of the queries 218 of FIG. 2) 
(block 1912) to retrieve from the control system database 214 the requested process 
control data. For example, a user may specify via the user interface 206 one or more 
filtering conditions to export selected process control data. The client model 210 may 
then generate a query based on the user-selected filtering conditions. After generating 
the query, the process control system data manager 102 determines whether to exit the 
export process (block 1914). If the user indicates via the user interface 206 to finish 
the export process at a later time, the control system database server 212 stores the 
query generated at block 1912 and the client schema generated at block 1906 in the 
control system database 214 (block 1916). 
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[00121J If the process control system data manager 102 determines at block 1914 
not to exit the export process, the control system database server 212 obtains the 
requested process control data based on the query generated at block 1912 (block 
1918). The client model 210 then converts the requested process control data to the 
client XML 108 (block 1920). More specifically, the control system database server 
212 communicates the requested process control data to the client model 210 as the 
server XML 224 (FIG. 2) and the client model 210 converts the process control data 
from the server XML 224 to the client XML 108 based on the client schema 
generated at block 1906. The data import/export interface 202 then exports the client 
XML 108 by storing the client XML 108 in a storage location specified by the user 
(block 1922). For example, the client model 210 may communicate the client XML 
108 to the data import/export interface 202 and the data storage interface 208 may 
store the client XML 108 in, for example, a network drive, a laptop drive, a 
removable storage medium, or any other storage location as specified by the user. 
After storing the client XML 108 or after either of the operation of blocks 1910 and 
1916 if the user chooses to finish the export process later, the process then returns 
control to, for example, the operation of block 1614 (FIG. 16). 

[00122] FIG. 20 is a flowchart of an example method that may be used to edit 
process control data using the example external editing system 104 of FIG. 1. The 
example method described in connection with FIG. 20 may be used to implement the 
operation of block 1614 (FIG. 16). Initially, the data converter/migration tool 302 
(FIG. 3) retrieves the client XML 108 from a designated storage area (block 2002). 
For example, a user may specify via one of the external editors 316, 318, and 320 
(FIG. 3) a storage location from where the data converter/migration tool 302 should 
retrieve the client XML 108. 
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[00123] After the data converter/migration tool 302 retrieves the client XML 1 08, 
the data converter/migration tool 302 determines whether a user will edit the process 
control data using the XML editor 316 (FIG. 3) (block 2004). For example, if a user 
opens the XML editor 316, the XML editor 316 sends an XML editor code to the data 
converter/migration tool 302 indicating that the user has selected the XML editor 316 
to modify the process control data. If the data converter/migration tool 302 
determines that the user will use the XML editor 316, then the data 
converter/migration tool 302 does nothing with the client XML 108 because the XML 
editor 108 can open the client XML 108 and access and modify the process control 
data directly in the XML format. However, if the data converter/migration tool 302 
determines the user will not use the XML editor 316 to modify the process control 
data, the data converter/migration tool 302 converts the process control data from the 
XML format to a designated database format (block 2006). For example, as described 
above in connection with FIG. 3, the external editing system 104 may include or be 
communicatively coupled to one or more types of databases or data stores (e.g., the 
SQL database 304, the Oracle® database 306, or other data store(s) 308). The data 
converter/migration tool 302 may convert the process control data to a data format : 
associated with the database or data store in which the process control data will be 
stored. The data converter/migration tool 302 then stores the converted process 
control data in the designated one of the databases or data stores (block 2008). 

[00124] The common data source interface 322 and the datasource (e.g., one of the 
SQL datasource 324, the Oracle® datasource 326, or the other datasource 328 of FIG. 
3) of the designated database or data store work cooperatively to copy the process 
control data from the designated database or datasource to data fields (e.g., the data 
fields 606 of FIG. 6 or 706 of FIG. 7) of one of the external editors 320 or 318 (FIG. 
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3) (block 2010). For example, after opening a word processor document (e.g., the 
word processor document 602 of FIG. 6) or a spreadsheet document (e.g., the 
spreadsheet document 702 of FIG. 7), the data fields 606 or 706 assert data requests to 
the common data source interface 322 to obtain process control data. The common 
data source interface 322 may communicate commands to a designated datasource to 
retrieve the requested process control data from a designated database or data store. 

[00125] The selected one of the external editors 320 or 318 then performs data 
editing functions (block 2012) while the user modifies the process control data. The 
data editing functions may include, for example, rule checking, providing graphical 
feedback to a user, etc. An example method used to implement the data editing 
functions is described below in connection with FIG. 24. 

[00126] The common data source interface 322 and one of the datasources 324, 
326, and 328 then obtain valid modified process control data (block 2014) and store 
the valid modified process control data in a designated database (block 2016). For 
example, if the modified process control data conforms with process control data 
rules, the modified process control data is deemed valid and is allowed to be stored in 
the designated database. On the other hand, invalid process control data is not stored 
in the designated database and must be changed to valid data prior to storage. The 
valid modified values may also be converted to XML format and stored in the client 
XML 108 (block 2018) to keep the client XML 108 up to date each time data is 
modified. By keeping the client XML 108 up to date or current, a user may import 
the client XML 108 into the process control system data manager 102 without having 
to first convert all the process control data from the data format of the designated 
database to the client XML 108. After storing the valid modified values in the client 
XML 108 or if the data converter/migration tool 302 determines at block 2004 that the 
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XML editor 316 will be used to modify the process control data, the process then 
returns control to, for example, the operation of block 1616 (FIG. 16). 

[00127] FIG. 21 is a flowchart of an example method that may be used to import 
modified process control data to the example process control system data manager 
102 of FIG. L The example method of FIG. 21 may be used to implement the 
operation of block 1616 of FIG. 16. Initially, the data import/export interface 202 
retrieves the client XML 108 having the modified process control data from a 
designated storage area (block 2102). The data import/export interface 202 then 
extracts client schema and server schema from the client XML 108 (block 2104) and 
determines whether the client XML 108 and the client schema are valid (block 2106). 
Specifically, the client model 210 may compare the client XML 108 and the client 
schema to rules to determine whether the client XML 108 and the client schema 
conform to, for example, data format rules, threshold value rules, or any other type of 
rule. If the client model 210 determines at block 2106 that the client XML 108 or the 
client schema is not valid, the client model 210 generates an error message (block 
2108) and stores the error message in the log file 230 (FIG. 2) (block 21 10). The 
error message may be displayed to a user via the user interface 206 and alert the user 
about the invalid client XML 108 or client schema. After the error message is stored 
in the log file 230, the import process ends and control is returned to, for example, the 
operation of block 1624 (FIG. 16). 

[00128] If the client model 210 determines at block 2106 that the client XML 108 
and the client schema are valid, the client model 210 loads the modified process 
control into the client model 210 (block 2112). The client model 210 may then 
generate an update query (e.g., one of the update queries 222 of FIG. 2) (block 21 14) 
to store the modified process control data in the control system database 214. The 
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client model 210 then communicates the update queries to the control system database 
server 212 (block 2116). The control system database server 212 then stores the 
modified process control data from the server XML 224 in the control system 
database 214 (block 2118) based on the update query. After the modified process 
control data is stored control is returned to, for example, the operation of block 1624 
(FIG. 16). 

[00129] FIG. 22 is a flowchart of an example method that may be used to 
implement the search and replace editor 228 of FIG. 2. The example method of FIG. 
22 may be used to implement the operation of block 1620 of FIG. 16. Initially, the 
search and replace editor 228 obtains search and replace information from the search 
and replace editor interface 1500 (FIG. 15) (block 2202). For example, the search and 
replace engine 228 may obtain the names of one or more control devices selected via 
the control device(s) data field 1502 (FIG. 15), a property name specified via the 
property data field 1504 (FIG. 15), an existing value specified via the existing value 
data field 1506 (FIG. 15), and a replacement value specified via the replacement value 
data field 1508 (FIG. 15). 

[00130] The search and replace engine 228 then communicates the search and 
replace information to the client model 210 (FIG. 2) (block 2204). The update query 
builder 220 (FIG. 2) then generates one or more of the update queries 222 (FIG. 2) 
(block 2206) based on the search and replace information. The control system 
database server 212 then performs a search and replace process in the control system 
database 214 (FIG. 2) based on the one or more update queries 222 (block 2208) for 
the process control data specified by the search and replace information obtained at 
block 2202. Control is then returned to, for example, the operation of block 1624 
(FIG. 16). 
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[00131] FIG. 23 is a flowchart of an example method that may be used to enable a 
user to edit process control data within a control system diagram using the in-place 
editor 226 (FIG. 2). The example method of FIG. 23 may be used to implement the 
operation of block 1622 of FIG. 16. Initially, the in-place editor 226 submits a 
process control data request to the client model 210 (FIG. 2) (block 2302). For 
example, a user may open the process system diagram 1002 (FIG. 10A) via the in- 
place editor interface 1000 (FIG. 10A) and the control device blocks 1004 of the 
process system diagram 1002 may generate one or more process control data requests 
to populate the data fields 1006 of the control device blocks 1004. After the client 
model 210 obtains the process control data request from the in-place editor 226, the 
query builder 216 generates a query (e.g., one of the queries 218 of FIG. 2) based on 
the process control data request (block 2304). 

[00132] The client model 210 then obtains the requested process control data in the 
server XML 224 from the process control database 214 and load the server XML 224 
in the client model 210 (block 2306). For example, the client model 210 
communicates the query to the control system database server 212 and the control 
system database server 212 retrieves the requested process control data from the 
control system database 214 based on the query and communicates the requested 
process control data as the server XML 224 to the client model 210. The client model 
210 then communicates the requested process control data to the in-place editor 226 
(block 2308). The in-place editor 226 then populates the data fields 1006 of the 
device blocks 1004 with the process control data (block 2310). 

[00133] The in-place editor 226 then performs data editing functions while the user 
modifies the process control data (block 2312) to ensure that modified process control 
data is valid. The example method described below in connection with FIG. 24 may 
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be used to implement block 2312. The client model 210 then obtains the valid 
modified process control data from the in-place editor 226 (block 2314) and converts 
the valid modified data to the server XML 224 (block 23 16). In addition, the query 
builder 216 generates an update query (e.g., one of the update queries 222 of FIG. 2) 
(block 2318) associated with storing the valid modified data in the control system 
database 214. The client model 210 then communicates the update query and the 
server XML 224 to the control system database server 212 (block 2320). The control 
system database server 212 then stores the modified process control data from the 
server XML 224 in the control system database 214 (block 2322) based on the update 
query. After the modified process control data is stored control is returned to, for 
example, the operation of block 1624 (FIG. 16). 

[00134] FIG. 24 is a flowchart of an example method that may be used to perform 
data editing functions associated with the external editing system 104 of FIG. 1 and 
the in-place editor 226 of FIG. 2. The example method of FIG. 24 maybe used to 
implement the operations of blocks 2012 (FIG. 20) and 2312 (FIG. 23). Although the 
example method of FIG. 24 may be implemented with any editor including the 
external editors 316, 318, and 320 of FIG. 3, the in-place editor 226 of FIG. 2, or the 
search and replace editor 228 of FIG. 2, for purposes of simplicity, the example 
method will be described with respect to the in-place editor 226. Initially, the in-place 
editor 226 determines if it has received a commit command (block 2402). The in- 
place editor 226 may obtain a commit command from, for example, the in-place 
editor interface 1000 (FIG. 10A) or the multiple attribute editor interface 1 100 (FIG. 
1 IB) when a user presses or selects a commit button (e.g., the commit button 1 122of 
FIG. 1 IB). 
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[00135] If a commit command has not been received,,the in-place editor 226 
determines if a focus effect (e.g., the focus effects 1202, 1302, or 1406 of FIGS. 12A, 
13 A, and 14B) has changed (block 2404). For example, as described above in 
connection with FIGS. 12A, 12B, 13A, 13B, 14B, and 14C, if a focus effect changes 
from one data cell to another data cell, from one row to another row, or from one 
column to another column, the in-place editor 226 determines that the focus effect has 
changed. The in-place editor 226 may also determine that the focus effect has 
changed if the focus effect is removed from a data table or grid (e.g., the table 1 102 
shown in the multiple attribute editor interface 1 1 00). In addition, with respect to the 
in-place editor interface 1000, the in-place editor 226 may determine that a focus 
effect has changed if a user changes the focus effect or selection of one of the data 
fields 1006 (FIG. 10A) to another one of the data fields 1006. If the in-place editor 
226 determines that the focus effect has not changed, control is passed back to block 
2402. 

* 

[00136] If the in-place editor 226 determines that the focus effect has changed, the 
in-place editor 226 determines if the modified values in the previously selected data 
field are valid (block 2406). For example, in FIGS. 12A and 12B, when the focus 
effect 1202 changes from the first row 1204 to the second row 1206, the in-place 
editor 226 determines if the modified scan rate value 1210 is valid by comparing it to 
one or more process control data rules. If the in-place editor 226 determines that one 
or more of the modified values in the previously selected data fields are not valid, the 
in-place editor 226 displays an invalid data indicator indicating that one or more of 
the modified values in the previous selection is invalid (block 2408). For example, as 
shown above in connection with FIG. 12B, the in-place editor 226 may display the 
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exclamation mark 1208 adjacent the invalid modified data and/or change one or more 
font attributes of the invalid modified data. 

[00137] If the in-place editor 226 determines at block 2406 that all of the modified 
data values in the previously selected data fields are valid, the in-place editor 226 
shows a valid indicator for each of the valid modified data in the previously selected 
data fields (block 2410). For example, as shown above in connection with FIG. 1 1 A, 
the in-place editor 226 may display the pen icon 1 120 adjacent the valid modified data 
or may show the highlighted border 1 1 1 8 for a data cell containing the valid modified 
data value. 

[00138] After the in-place editor 226 has displayed an invalid data indicator (block 
2408) or a valid data indicator (block 2410), the in-place editor 226 determines if one . 
or more other data fields have been selected (block 2412). If no other data fields have 
been selected, control is returned to block 2402. However, if one or more other data 
fields have been selected, the in-place editor 226 determines whether the selected data 
fields contain editable process control data (block 2414). If the in-place editor 226 
determines that one or more of the selected data fields contain non-editable data, the 
in-place editor 226 displays a non-editable indicator for each of the non-editable data 
(block 2418). For example, as shown in FIG. 10A, the in-place editor 226 highlights 
the textbox 1010 to indicate that the device name field is not editable. After the in- 
place editor 226 displays a non-editable indicator, control is passed back to block 
2402. 

[00139] If any of the selected data fields contain editable data, the in-place editor 
226 displays an editable indicator for each portion of the editable data indicating to a 
user that the process control data values in those selected data fields are editable 
(block 2416). For example, as shown in FIG. 10A, the in-place editor 226 may 
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highlight the value or text of the device name field 1008 to indicate that it is editable. 
Also, as shown in FIG. 1 1 A, the in-place editor 226 may place the cursor 1 1 16 in a 
selected data cell to indicate that the data cell contains editable process control data. 
After the in-place editor 226 displays an editable indicator (block 2416), the in-place 
editor 226 then determines whether two or more process control data common to a 
plurality of control devices have been selected (block 2420). For example, if a user 
selects the process control data in the scan rate column 1402 as shown in FIG. 14A, 
the in-place editor 226 determines at block 2420 that a plurality of common process 
control data has been selected. 

[00140] If a plurality of common process control data has been selected, the in- 
place editor 226 displays a dialog box with an editable data field (block 2422). For 
example, as shown in FIG. 14A, the in-place editor 226 displays the editor dialog 
1404 with an editable data field. In this case, the in-place editor 226 populates the 
data fields of the selected scan rate column 1402 with the value entered via the editor 
dialog 1404. After the in-place editor 226 displays the editor dialog 1404 or, if at 
block 2420 the in-place editor 226 determines that a plurality of common process 
control data has not been selected, control is passed back to block 2402. 

[00141] If at block 2402 the in-place editor 226 determines that it has received a 
commit command, the in-place editor 226 communicates the valid data in the editor 
interface display (e.g., the in-place editor interface 1000 of FIG. 10A or the multiple 
attribute editor interface 1 100 of FIG. 1 1) to the client model 210 (block 2424). For 
example, the in-place editor 226 communicates all of the modified values that the in- 
place editor 226 indicated as valid via a valid data indicator (e.g., the border highlight 
1 1 1 8 or the pen icon 1 120 of FIG. 1 1 A). The in-place editor 226 then displays an 
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error message for any invalid modified data in the editor interface display (block 
2426) and control returns to a calling process or function. 

[00142] FIG. 25 is a block diagram of an example processor system that may be 
used to implement the example apparatus, methods, and articles of manufacture 
described herein. As shown in FIG. 25, the processor system 2510 includes a 
processor 25 12 that is coupled to an interconnection bus 25 14. The processor 25 12 
includes a register set or register space 2516, which is depicted in FIG. 25 as being 
entirely on-chip, but which could alternatively be located entirely or partially off-chip 
and directly coupled to the processor 2512 via dedicated electrical connections and/or 
via the interconnection bus 2514. The processor 2512 may be any suitable processor, 
processing unit or microprocessor. Although not shown in FIG. 25, the system 2510 
may be a multi-processor system and, thus, may include one or more additional 
processors that are identical or similar to the processor 2512 and that are 
communicatively coupled to the interconnection bus 2514. 

[00143] The processor 2512 of FIG. 25 is coupled to a chipset 2518, which 
includes a memory controller 2520 and an input/output (I/O) controller 2522. As is 
well known, a chipset typically provides I/O and memory management functions as 
well as a plurality of general purpose and/or special purpose registers, timers, etc. that 
are accessible or used by one or more processors coupled to the chipset 25 1 8. The 
memory controller 2520 performs functions that enable the processor 2512 (or 
processors if there are multiple processors) to access a system memory 2524 and a 
mass storage memory 2525. 

[00144] The system memory 2524 may include any desired type of volatile and/or 
non-volatile memory such as, for example, static random access memory (SRAM), 
dynamic random access memory (DRAM), flash memory, read-only memory (ROM), 
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etc. The mass storage memory 2525 may include any desired type of mass storage 
device including hard disk drives, optical drives, tape storage devices, etc. 

[00145] The I/O controller 2522 performs functions that enable the processor 2512 
to communicate with peripheral input/output (I/O) devices 2526 and 2528 and a 
network interface 2530 via an I/O bus 2532. The I/O devices 2526 and 2528 may be 
any desired type of I/O device such as, for example, a keyboard, a video display or 
monitor, a mouse, etc. The network interface 2530 may be, for example, an Ethernet 
device, an asynchronous transfer mode (ATM) device, an 802.1 1 device, a DSL 
modem, a cable modem, a cellular modem, etc. that enables the processor system 
2510 to communicate with another processor system. 

[00146] While the memory controller 2520 and the I/O controller 2522 are 
depicted in FIG. 25 as separate functional blocks within the chipset 2518, the 
functions performed by these blocks may be integrated within a single semiconductor 
circuit or may be implemented using two or more separate integrated circuits. 

[00147] Although certain methods, apparatus, and articles of manufacture have 
been described herein, the scope of coverage of this patent is not limited thereto. To 
the contrary, this patent covers all methods, apparatus, and articles of manufacture 
fairly falling within the scope of the appended claims either literally or under the 
doctrine of equivalents. 
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What is claimed is: 

1 . A method of modifying process control data, comprising: 
obtaining the process control data in an extensible markup language 

format; 

converting the process control data in the extensible markup language 
format to a second data format; 

storing the process control data in the second data format in a database; 

and 

editing the process control data by: 

retrieving the process control data from the database; 

modifying the process control data; 

storing the modified process control data in the second data 
format in the database; 

converting the modified process control data from the second 
data format to the extensible markup language format; and 

storing the modified process control data in the extensible 
markup language format. 

2. A method as defined in claim 1, wherein the process control data in the 
extensible markup language format is obtained from a storage location on a network 
or a processor system. 

3. A method as defined in claim 1, wherein the process control data is 
modified using a word processing application or a spreadsheet application. 
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4. A method as defined in claim 1, wherein the second data format is 
associated with a relational database, a structured query language database, or a file 
system. 

5. A method as defined in claim 1, wherein the process control data is 
edited via data fields associated with a word processor application or a spreadsheet 
application. 

6. A method as defined in claim 1, wherein the process control data is 
modified in data fields embedded in a process control system diagram. 
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7. An apparatus for modifying process control data, comprising: 
a processor system; and 

a memory communicatively coupled to the processor system, the 
memory including stored instructions that enable the processor system to: 
obtain the process control data in an extensible markup 
. language format; 

convert the process control data in the extensible markup 
language format to a second data format; 

store the process control data in the second data format in a 
database; and 

edit the process control data by: 

retrieving the process control data from the database; 
modifying the process control data; 
storing the modified process control data in the second 
data format in the database; 

converting the modified process control data from the 
second data format to the extensible markup language format; 
and 

storing the modified process control data in the 
extensible markup language format. 



8. An apparatus as defined in claim 7, wherein the instructions enable the 
processor system to obtain the process control data in the extensible markup language 
format from a storage location on a network or a processor system. 
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9. An apparatus as defined in claim 7, wherein the instructions enable the 
processor system to modify the process control data using a word processing 
application or a spreadsheet application. 

10. An apparatus as defined in claim 7, wherein the second data format is 
associated with a relational database, a structured query language database, or a file 
system. 

11. An apparatus as defined in claim 7, wherein the instructions enable the 
processor system to edit the process control data based on values in data fields 
associated with a word processor application or a spreadsheet application. 

12. An apparatus as defined in claim 7, wherein the instructions enable the 
processor system to modify the process control data in data fields embedded in a 
process control system diagram. 



-67- 



WO 2005/107416 



PCT/US2005/015596 



13. A machine accessible medium having instructions stored thereon that, 
when executed, cause a machine to: 

obtain the process control data in an extensible markup language 

format; 

convert the process control data in the extensible markup language 
format to a second data format; 

store the process control data in the second data format in a database; 

and 

edit the process control data by: 

retrieving the process control data from the database; 

modifying the process control data; 

storing the modified process control data in the second data 
format in the database; 

- converting the modified process control data from the second 

data format to the extensible markup language format; and 

storing the modified process control data in the extensible 
markup language format. 

14. A machine accessible medium as defined in claim 13, wherein the 
instructions, when executed, cause the machine to obtain the process control data in 
the extensible markup language format from a storage location on a network or a 
processor system. 
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15. A machine accessible medium as defined in claim 13, wherein the 
instructions, when executed, cause the machine to modify the process control data 
using a word processing application or a spreadsheet application. 

16. A machine accessible medium as defined in claim 13, wherein the 
second data format is associated with a relational database, a structured query 
language database, or a file system. 

17. An machine accessible medium as defined in claim 13, wherein the 
instructions, when executed, cause the machine to edit the process control data based 
on values in data fields associated with a word processor application or a spreadsheet 
application. 

18. An machine accessible medium as defined in claim 13, wherein the 
instructions, when executed, cause the machine to enable modification of the process 
control data in data fields embedded in a process control system diagram. 



-69- 



WO 2005/107416 



PCTYUS2005/015596 



1 9. A method of modifying process control data, comprising: 
obtaining the process control data in a first data format from a 

database; 

converting the process control data from the first data format to an 
extensible markup language format; 

outputting the process control data via a user interface; 

obtaining at least one modified process control data value associated 
with the process control data; 

converting the modified process control data value from the extensible 
markup language format to the first data format; and 

storing the modified process control data value in the first data format 
in the database. 

20. A method as defined in claim 1 9, wherein the first data format is 
associated with a process control system database. 



21. A method as defined in claim 1 9, wherein the process control data is 
obtained in response to a selection of at least one process control system object. 



22. A method as defined in claim 1 9, wherein the process control data is 
associated with a property common to a plurality of process control system objects. 
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23. A method as defined in claim 19, wherein outputting the process 
control data via the user interface comprises displaying an editable indicator 
associated with the process control data. 

24. A method as defined in claim 19, wherein outputting the process 
control data via the user interface comprises displaying at least some of the attribute 
values in data cells. 

25. A method as defined in claim 19, wherein the at least one modified 
process control data value is obtained in response to removing a focus effect from at 
least one of a data cell, a data row, a data column, or a table. 

26. A method as defined in claim 19, wherein the at least one modified 
process control data value is obtained in response to selection of a user interface 
button. . 

27. A method as defined in claim 19, wherein outputting the process 
control data via the user interface comprises changing at least one display attribute 
associated with at least one process control data value when the at least one of the 
process control data values is modified. 
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28. A method as defined in claim 27, wherein the at least one display 
attribute is changed based on at least one of a commit status, a modified but not 
committed status, an invalid value status, a save error status, or a detection that the at 
least one modified process control data value has been modified substantially 
simultaneously by at least two users. 

29. A method as defined in claim 27, wherein changing the at least one 
display attribute associated with the at least one modified process control data value 
includes at least one of changing a font of the modified process control data value, 
changing a color of the modified process control data value, changing a border 
attribute of a data cell associated with the modified process control data value, or 
adding a graphic adjacent the modified process control data value. 

30. A method as defined in claim 19, further comprising comparing the at 
least one modified process control data value to at least one rule after obtaining the at 
least one modified process control data value. 

3 1 . A method as defined in claim 30, further comprising changing at least 
one display attribute associated with the at least one modified process control data 
value based on the comparison of the at least one modified process control data value 
to the at least one rule. 
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32. A method as defined in claim 19, wherein the process control data is 
output via the user interface in a properties window associated with at least one 
selected process control object. 



33. A method as defined in claim 1 9, further comprising generating a 
display layout configuration for the process control data and storing the display layout 
configuration. 

34. A method as defined in claim 33, further comprising configuring the 
display layout configuration to be retrieved by a plurality of computer terminals. 
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35. An apparatus for modifying process control data, comprising: 
a processor system; and 

a memory communicatively coupled to the processor system, the 
memory including stored instructions that enable the processor system to: 
obtain the process control data in a first data format from a 
database; 

convert the process control data from the first data format to an 
extensible markup language format; 

output the process control data via a user interface; 

obtain at least one modified process control data value 
associated with the process control data; 

convert the modified process control data value from the 
extensible markup language format to the first data format; and 

store the modified process control data value in the first data 
format in the database. 

36. An apparatus as defined in claim 35, wherein the first data format is 
associated with a process control system database. 

37. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to obtain the process control data in response to a selection of at 
least one process control system object. 



-74- 



WO 2005/107416 PCT/US2005/015596 

38. An apparatus as defined in claim 35, wherein the process control data 
is associated with a property common to a plurality of process control system objects. 



39. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to output the process control data via the user interface by 
displaying an editable indicator associated with the process control data. 

40. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to output the process control data via the user interface 
comprises by displaying at least some of the attribute values in data cells. 

41. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to obtain the at least one modified process control data value in 
response to removing a focus effect from at least one of a data cell, a data row, a data 
column, or a table _ ....... .. ... 

42. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to obtain the at least one modified process control data value in 
response to selection of a user interface button. 

43. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to output the process control data via the user interface by 
changing at least one display attribute associated with at least one process control data 
value when the at least one of the process control data values is modified. 
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44. An apparatus as defined in claim 43, wherein the instructions enable 
the processor system to change the at least one display attribute based on at least one 
of a commit status, a modified but not committed status, an invalid value status, a 
save error status, or a detection that the at least one modified process control data 
value has been modified substantially simultaneously by at least two users. 

45. An apparatus as defined in claim 43, wherein the instructions enable 
the processor system to change the at least one display attribute associated with the at 
least one modified process control data value by at least one of changing a font of the 
modified process control data value, changing a color of the modified process control 
data value, changing a border attribute of a data cell associated with the modified 
process control data value, or adding a graphic adjacent the modified process control 
data value. 

46., An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to compare the at least one modified process control data value 
to at least one rule after obtaining the at least one modified process control data value. 

47. An apparatus as defined in claim 46, wherein the instructions enable 
the processor system to change at least one display attribute associated with the at 
least one modified process control data value based on the comparison of the at least 
one modified process control data value to the at least one rule. 
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48. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to output the process control data via the user interface in a 
properties window associated with at least one selected process control object. 

49. An apparatus as defined in claim 35, wherein the instructions enable 
the processor system to generate a display layout configuration for the process control 
data and storing the display layout configuration. 

50. An apparatus as defined in claim 49, wherein the instructions enable 
the processor system to configure the display layout configuration to be retrieved by a 
plurality of computer terminals. 
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51. A machine accessible medium having instructions stored thereon that, 
when executed, cause a machine to: 

obtain the process control data in a first data format from a database; 

convert the process control data from the first data format to an 
extensible markup language format; 

output the process control data via a user interface; 

obtain at least one modified process control data value associated with 
the process control data; 

convert the modified process control data value from the extensible 
markup language format to the first data format; and 

store the modified process control data value in the first data format in 
the database. 

52. A machine accessible medium as defined in claim 51, wherein the first 
data format is associated with a process control system database. 



53 . A machine accessible medium as defined in claim 5 1 , wherein the 
instructions, when executed, cause the machine to obtain the process control data in 
response to a selection of at least one process control system object. 

54. A machine accessible medium as defined in claim 51, wherein the 
process control data is associated with a property common to a plurality of process 
control system objects. 
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55. A machine accessible medium as defined in claim 51, wherein the 
instructions, when executed, cause the machine to output the process control data via 
the user interface by displaying an editable indicator associated with the process 
control data. 

56. A machine accessible medium as defined in claim 5 1 , wherein the 
instructions, when executed, cause the machine to output the process control data via 
the user interface by displaying at least some of the attribute values in data cells. 

57. A machine accessible medium as defined in claim 51, wherein the 
instructions, when executed, cause the machine to obtain the at least one modified 
process control data value in response to removing a focus effect from at least one of 
a data cell, a data row, a data column, or a table. 

58. A machine accessible medium as defined in claim 5 1 , wherein the 
instructions, when executed, cause the machine to obtain the at least one modified 
process control data value in response to selection of a user interface button. 

59. A machine accessible medium as defined in claim 51, wherein the 
instructions, when executed, cause the machine to output the process control data via 
the user interface by changing at least one display attribute associated with at least 
one process control data value when the at least one of the process control data values 
is modified. 
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60. A machine accessible medium as defined in claim 59, wherein the 
instructions, when executed, cause the machine to change the at least one display 
attribute based on at least one of a commit status, a modified but not committed 
status, an invalid value status, a save error status, or a detection that the at least one 
modified process control data value has been modified substantially simultaneously 
by at least two users. 

61 . A machine accessible medium as defined in claim 59, wherein the 
instructions, when executed, cause the machine to change the at least one display 
attribute associated with the at least one modified process control data value by at 
least one of changing a font of the modified process control data value, changing a 
color of the modified process control data value, changing a border attribute of a data 
cell associated with the modified process control data value, or adding a graphic 
adjacent the modified process control data value. 



62. A machine accessible medium as defined in claim 5 1 , wherein the 
instructions, when executed, cause the machine to compare the at least one modified 
process control data value to at least one rule after obtaining the at least one modified 
process control data value. 

63. A machine accessible medium as defined in claim 62, wherein the 
instructions, when executed, cause the machine to change at least one display attribute 
associated with the at least one modified process control data value based on the 
comparison of the at least one modified process control data value to the at least one 
rule. 
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64. A machine accessible medium as defined in claim 51, wherein the 
instructions, when executed, cause the machine to output the process control data via 
the user interface in a properties window associated with at least one selected process 
control object. 

65. A machine accessible medium as defined in claim 51, wherein the 
instructions, when executed, cause the machine to generate a display layout 
configuration for the process control data and storing the display layout configuration. 

66. A machine accessible medium as defined in claim 65, wherein the 
instructions, when executed, cause the machine to configure the display layout 
configuration to be retrieved by a plurality of computer terminals. 

67. A system for modifying process control data, comprising: 
at least one editor to edit process control data; 

at least one database to store the process control data in a first data 

format; 

a database interface communicatively coupled to the editor and the at 
least one database to communicate information between the editor and the at 
least one database; and 

a data converter communicatively coupled to the editor and the at least 
one database to convert the process control data from the first data format to 
an extensible markup language foimat. 
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68. A system as defined in claim 67, wherein the editor comprises at least 
one of a word processor application, a spreadsheet application, or a process control 
system application editor. 

69. A system as defined in claim 68, wherein the process control system 
application editor enables modifying the process control data within a control system 
diagram associated with an execution context of a process control system application. 

70. A system as defined in claim 67, wherein the editor includes data fields 
associated with records in the database, wherein the records include at least some of 
the process control data, and wherein the editor is configured to populate the data 
fields with the at least some of the process control data. 

71. A system as defined in claim 70, wherein the data fields are associated 
with cross-application data linking tools 

72. A system as defined in claim 67, wherein the at least one database is 
one of a relational database, a structured query language database, or a file system. 

73. A system as defined in claim 67, wherein the data converter stores the 
process control data in the extensible markup language format in a file configured to 
be imported by a process control system application. 
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74. A system for modifying process control data, comprising: 

a database configured to store process control data; 

a database server communicatively coupled to the database and 
configured to access the process control data in the database; 

a query builder communicatively coupled to the database server and 
configured to generate queries and communicate the queries to the database 
server to enable the database server to retrieve the process control data from 
the database based on the queries; and 

a data interface communicatively coupled to the query builder and 
configured to import or export the process control data in an extensible 
markup language format. 

75. A system as defined in claim 74, wherein the data interface imports or 
exports the process control data as extensible markup language files. 

76. A system as defined in claim 74, wherein the query builder is 
configured to store the queries in the database for subsequent retrieval. 

77. A system as defined in claim 74, wherein the data interface is 
configurable to import or export at least one extensible markup language file at a 
scheduled time. 
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78. A system as defined in claim 74, wherein the data interface is 
configurable to selectively import or export the process control system data in the 
extensible markup language format based on filter conditions. 

79. A system as defined in claim 78, wherein one of the filter conditions 
causes the data interface to retrieve process control data associated with a selected 
process control device or process control data that is common to a plurality of selected 
process control system objects. 

80. A system as defined in claim 74, wherein the query builder is 
configured to be communicatively coupled to an editor and configured to generate at 
least some of the queries in response to a request from the editor. 

81. A system as defined in claim 74, wherein the data interface is 
configurable to import or export the process control data in an extensible markup 
language foimat, and wherein the process control data is organized based on a 
schema. 

82. A system as defined in claim 8 1 , wherein the schema is common to an 
editor and a process control system data manager. 

83. A system as defined in claim 74, further comprising a user interface 
configured to obtain a user-input associated with a schema to organize the process 
control data in the extensible markup language format. 
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84. A system as defined in claim 83, wherein the user interface includes a 
wizard application configured to guide a user in defining the schema. 



85. A method of modifying process control data, comprising: 

defining a first schema associated with organizing process control data 
in a first data format that is used to exchange the process control data between 
at least one editor and a process control system data manager; 

obtaining the process control data in a second data format associated 
with a second schema; 

converting the process control data from the second data format to the 
first data format based on the first schema; and 

exporting the process control data and the first schema in the first data 
foimat to the at least one editor. 

86. A method as defined in claim 85, further comprising importing the 
process control data and the first schema in the first data format from the at least one 
editor. 

87. A method as defined in claim 86, further comprising converting the 
process control data from the first data format to the second data format based on the 
second schema and storing the process control data in a database. 

88. A method as defined in claim 85, wherein defining the first schema 
comprises obtaining user input associated with at least one of process control data 
organization and filtering conditions. 
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89. A method as defined in claim 88, wherein the user input is obtained 
from a wizard application configured to guide a user in defining the first schema. 

90. A method as defined in claim 85, wherein the first data format and the 
second data format are associated with an extensible markup language format. 

91 . A system for converting process control system attributes, comprising: 
a mapper to map first process control system attributes to second 

process control system attributes; and 

a data converter to convert the second process control system attributes 
from a first data format to a second data format. 



-86- 



WO 2005/107416 



PCT/US2005/015596 



1/30 



104 



EXTERNAL EDITING SYSTEM 



I 



102 



CLIENT 
XML 



108 



PROCESS CONTROL 
SYSTEM DATA MANAGER 



CLIENT 
XML 



106 



^-108 



DATA CONVERSION SYSTEM 



FIG. 1 



WO 2005/107416 



PCT/US2005/015596 



104 



2/30 



EXTERNAL 
EDITING SYSTEM 



106 



DATA CONVERSION 
SYSTEM 



I 



CLIENT 
XML 



108 



CLIENT 
XML 



108 




102 



20 



DATA IMPORT/EXPORT INTERFACE 



USER INTERFACE 



£1 



208 



DATA STORAGE 
INTERFACE 



202 



226- 



IN-PLACE EDITOR 



228- 



204 



SEARCH AND 
REPLACE EDITOR 



202. 



DATA EXCHANGE 
ENGINE 



CLIENT 
XML 




108 



230, 



214 



CONTROL 
SYSTEM 
DATABASE 



210 



21 6 ^CLIENT MODEL ^2 20 



QUERY 
BUILDER 



UPDATE 
QUERY 
BUILDER 



LOG 
FILE 



QUERIES 




^222 



UPDATE 
QUERIES 



224 



SERVER 
XML 



212 



FIG. 2 



WO 2005/107416 



PCT/US2005/015596 



3/30 



320 




MS OFFICE 
(VSTO) 
EDITORS 



318 



XML EDITOR 



316 



302 



DATA CONVERTER/ 
MIGRATION TOOL 



CLIENT 
XML 



108 



r 



104 



322-^ 

COMMON DATA 
SOURCE 
INTERFACE 



304- 



310 



SQL 
ADAPTER 



SQL 
DATABASE 



324 




2i 



SQL 
DATASOURCE 



306 



312 



A. 



ORACLE 
ADAPTER 




ORACLE 
DATABASE 



326 



ORACLE 
DATASOURCE 



314 



308 



OTHER 
ADAPTER 



2X 



OTHER 
DATA 
STORE(S) 



328 



21 



OTHER 
DATASOURCE 



FIG. 3 



WO 2005/107416 



PCT/US2005/015596 



4/30 



404 



r 



106 



CUSTOM 
DATA 



402 



CUSTOM 
MAPPER 



r 

LEGACY 
SYSTEM 
DATA 



406 



408 



DATA CONVERTER 



108 



CLIENT 
XML 



FIG. 4 



WO 2005/107416 



PCT/US2005/015596 



5/30 




WO 2005/107416 



PCT/US2005/015596 




WO 2005/107416 



PCT/US2005/015596 



7/30 




CD 
O 



WO 2005/107416 



PCT/US2005/015596 




WO 2005/107416 



PCT/US2005/015596 




WO 2005/107416 



PCT/US2005/015596 



10/30 




WO 2005/107416 



11/30 



PCT/US2005/015596 




WO 2005/107416 



PCT/US2005/015596 



12/30 




FIG. 9A 



WO 2005/107416 



PCT/US2005/015596 



13/30 




CO 
CD 

O 
Li- 



WO 2005/107416 



PCT/US2005/015596 



14/30 




o 

CD 

CD 



WO 2005/107416 



PCT/US2005/015596 



15/30 




Q 

Oi 

u- 



WO 2005/107416 



PCT/US2005/015596 



16/30 



1000 



1018 



IN-PLACE EDITOR 



MENU 



1016 



DATA LINKS 
PROPERTIES 
EXIT 



1006 



•1022 



1012 



DATA LINKS (AND1) ^ 


DATA LINK NAME j 


RESOLUTION PATH 


IN_D1 


AND1/AI1/IN_D1.CV 


IN_D2 


AND1/AI1/IN_D2.CV 


OUT_D 


AND1/AI1/OUT D.CV 




1014 



BR 



7 



AND 



CND 



CND3 



OUT_D Q j ' 

DISABLE □ 



#3 



CND 



CND4 



OUT.D □ 
DISABLE □ I # ^ 



• ~~ ' #4 



_^ 1008 



1004 



1C 



1004 



• 1 ° 0 tltj«^D1 OUT.D □ 



#11 



□ RESETJN OUTJNT [] 



□ IN.D1 

□ INJD2 

□ IN.D3 

□ IN_D4 

□ IN_D5 

□ IN.D6 

□ IN.D7 

□ IN.D8 

□ ARM.TRAP 



OUT.D □ 
FIRST.OUT □ 



#9 



1006- 



NOT 



NOT1 



QlN.D OUT.D □ 



X 



#10 



1004 



^—1002 



1020 



"7 



PROPERTIES 'g| 


BFI1 


OBJECT TYPE 


BFI MODULE 


MODIFIED 


MAY 14, 2005 5:41:18 PM 


MODIFIED BY 


ADMINISTRATOR 


ALGORITHM TYPE 


FUNCTION BLK DIAG 


DESCRIPTION 


BFI1 


(CAT. ) I 
[ ALPH. 1 ^ 




TIPS /' 



[ CANCEL ) [ COMMIT ~] 



1024 



1028 



FIG. 10A 



WO 2005/107416 



PCT/US2005/015596 



17/30 



1018^ IN-PLACE EDITOR 



OUT DISABLE 




1032 



CNO 



1004 




CND2 



OUT_D □ 
DISABLE □ 



#2 



CND 



CND3 



OUT_D □ 
DISABLE Q 



#3 



CND 



CND4 



OUTD Q 
DISABLE □ 



#4 



BR 



□ resetjn OUTJNT Q 

□ IN_D1 OUT_D □ 

□ IN_D2 FIRSTOUT □ 

□ IN_D3 

□ IND4 

□ IND5 

□ IN.D6 

□ IND7 

□ IM.D8 

□ ARMJTRAP 



#9 



AND 



□ lN_D1 OUT_D □ 

□ IN_D2 



#11 



NOT 



NOT1 



□ IND 6lJT_D Q 



#10 



CANCEL- 



DC 



COMMIT 



FIG. 10B 



WO 2005/107416 



PCT/US2005/015596 



18/30 



1118 



1104b 




r 



1100 



1104c 
1 



MULTIPLE ATTRIBUTE EDITOR / 



1104d 



SCAN RATE 



1 sec 



PATH 



/LIC1/SCA.. 



/LIC2/SCA. 



DESCRIPTION 



CONTROL MODULE 



CONTROL MODULE 



1 sec 



/LIC2/SCA. 



CONTROL MODULE 



LIC-201 
LIC-202 
LIC-204 
LIC-205 
LIC-208 



i1120 1114 1110 1112 



\ j SAVE VIEW J [ CANCEL ) f COMMIT J 



1108 



FIG. 11A 



1126 



1100 





1128 ^ \ MULTIPLE ATTRIBUTE EDITOR 






NAME 


NS^ANRATE | PATH 


DESCRIPTION 




LIC-106 ▼ 


! j 500ms|^|/LIC1/SCA.. 




CONTROL MODULE 




LIC-205 ▼ 


^^^^^j /LIC2/SCA.. 


••• 


CONTROL MODULE 




LIC-205 ▼ 


\ 1 sec W/LIC2/SCA.. 




CONTROL MODULE 



1124 ; 



f SAVE VIEW ] [ CANCEL ~~\ [ .COMM IT- J 



1130 



1122- 



/IMIT_ 



FIG. 11B 



WO 2005/107416 



PCT/US2005/015596 



1100 



11 



19/30 



1202 



[1204 MULTIPLE ATTRIBUTE EDITOR / 1 




NAME 1 SCAN RA1 


rE 


PATH 


I I DESCRIPTION if 




LIC-106|V 5j 




/LIC1/SCA.. 




CONTROL MODULE| 


R 


LIC-205 |lF 


1 sec 




/LIC2/SCA.. 


••• 


CONTROL MODULE 




LIC-205 ▼ 


1 sec 




/LIC2/SCA.. 


... 


CONTROL MODULE 








( SAVE VIEW ] ( CANCEL ] [ COMMIT J 



1100 



1210 



FIG. 12A 



1208 



MULTIPLE ATTRIBUTE EDITOR 





NAME 


\S£AN RATE . 


PATH 


DESCRIPTION 




LIC-106jv 


} )>00 ms 


i 


/LIC1/SCA.. 




CONTROL MODULE 




LIC-205 !▼ 


1 sec 




/LIC2/SCA.. 


•■• 


CONTROL MODULE 




jljc-205|^ 


/ 1 sec 


1 


/LIC2/SCA.. 


••• 


CONTROL MODULE 



1206 1202 [ SAVE VIEW ] [ CANCEL ) [ COMMIT ~) 



FIG. 12B 



1300 





1304- 


^ MULTIPLE ATTRIBUTE EDITOR 






NAME ! 


S&ANRATE I PATH 




DESCRIPTION I 




LIC-106[^| 


' 5 I ^yLIC1/SCA.. 




CONTROL MODULE 


1302 -J 


^{ SAVE VIEW ] [ CANCEL 


] [ COMMIT ' ) 











FIG. 13A 



1300 



1308^ MULTIPLE ATTRIBUTE EDITOR 




NAME J teCAN RATE 



PATH 



500 ms 



/LIC1/SCA. 



DESCRIPTION 



CONTROL MODULE 



1302 [ SAVE VIEW ) ( CANCEL ) [ COMMIT j 



FIG. 13B 



WO 2005/107416 



PCT/US2005/015596 



1108^ 20/30 





1402-^ 


y multip\.e ATTRIBUTE EDITOR 






NAME 


^CANRAJE 


! PATH 


L DESCRIPTION 




LIC-106^ 




/LIC1/SCA.. 


••• 


CONTROL MODULE 




LIC-205 ▼ 


#h 1 sec r™ 
k^ 


/LIC2/SCA.. 




CONTROL MODULE 




LIC-205 [▼ 


1sec P 


/LIC2/SCA.. 


*•■ 


CONTROL MODULE 






EW~" . ..CANCEL 


] ( COMMIT J 













FIG. 14A \ 



EDITOR DIALOG 



SCAN RATE: 





I 


2 sec;' n 


» 


k^ 



[ CANCEL ] { OK ] 



-1404 



MULTIPLE ATTRIBUTE EDITOR 





NAME 


SCAN RATE I 


PATH 


DESCRIPTION 




LIC-106 ▼ 


2 sec 


r * 
k^ 


/LIC1/SCA.. 




CONTROL MODULE 


1 


LIC-205 ▼ 


2 sec 


k^ 


/LIC2/SCA.. 




CONTROL MODULE 




LIC-205 ▼ 


2 sec 




/LIC2/SCA... 




CONTROL MODULE 


1406 S 


( SAVE VIEW ] ( CANCEL 


] ( COMMIT ] 



FIG. 14B 



1408 ^ . 1402 - 


^ MULTIPLE ATTRIBUTE EDITOR 




[ ' NAME 


SCAN RATE PATH 


DESCRIPTION 




LIC-106 


c 


I 2 sec 


k^ 


7LIC1/SCA.. 




CONTROL MODULE 




LIC-205 




I J 2 sec 


k^ 


/LIC2/SCA.. 


•■• 


CONTROL MODULE 




LIC-205 




I 2 sec 


k^ 


/LIC2/SCA.. 


••• 


CONTROL MODULE 








1406 -^ 


f SAVE VIEW ( CANCEL ] [ COMMIT ) 



FIG. 14C 



WO 2005/107416 



PCT/US2005/015596 



1500 



21/30 



SEARCH AND REPLACE EDITOR 



CONTROL DEVICE £ 



1502 



RROPEJSTX.. 



1504 



EXISTING VALUE ^-1 506 



REPLACEMENT VALUE ^1508 



1510 



1510 



1510 



1510 



( CANCEL ] [ REPLACE ] [ DONE ~] 



FIG. 15 



WO 2005/107416 



PCT/US2005/015596 



c 



22/30 

START 



YES 



1604 



a a 

IMPORT EXTERNAL 
PROCESS CONTROL 
DATA? 



1602 



NO 



IMPORT PROCESS 
CONTROL DATA 



1608 



1606 



GENERATE PROCESS 
CONTROL DATA 



i 



EDIT PROCESS CONTROL DATA? 



NO 



> 



NO 



YES 



<^ USE EXTERNAL EDITING SYSTEM? 



1610 



YES 



> 
1612 



PROCESS CONTROL SYSTEM DATA 
MANAGER EXPORTS REQUESTED PROCESS 
CONTROL DATA 



EDIT PROCESS CONTROL DATA USING 
EXTERNAL EDITING SYSTEM 



I 



1614 



616 



PROCESS CONTROL SYSTEM DATA 
MANAGER IMPORTS MODIFIED PROCESS 
CONTROL DATA 



NO 



< 



1 



1618 



USE SEARCH AND REPLACE? 



> 



YES 



1620 



EDIT USING SEARCH AND REPLACE 



1622 



EDIT IN PLACE 



YES 



<; CONTINUE TO MONITOR COMMANDS? 



NO 



C 



1624 



END 



FIG. 16 



WO 2005/107416 



PCT/US2005/015596 



23/30 

(IMPORT EXTERNAL PROCESS^ 
CONTROL DATA J 

| ^1702 

<IS EXTERNAL PROCESS CONTROL DATA IN LEGACY \ 
DATA FORMAT? f 



YES 



NO ^1704 



MAP CUSTOM PROCESS CONTROL DATA TO CLIENT XML 



1706 



CONVERT LEGACY PROCESS CONTROL DATA TO CLIENT 

XML 



| ^1708~ 



IMPORT CLIENT XML TO DATA IMPORT/EXPORT INTERFACE 
OF PROCESS CONTROL SYSTEM 



I 

( RETURN ) 



FIG. 17 



(GENERATE PROCESSN 
CONTROL DATA J 



I ^-180 2 



GENERATE PROCESS CONTROL OBJECTS 

I , ^-18 04 



OBTAIN PROCESS CONTROL DATA 



| ^-1 806 



GENERATE SERVER SCHEMA 



^1808 



SPECIFY FILTERI NG CRITERIA QUERY 

I ^1 810 



STORE PROCESS CONTROL DATA ~ " I 

— l 

( RETURN ) 



FIG. 18 



WO 2005/107416 



PCTVUS2005/015596 



24/30 



f E 



EXPORT PROCESS CONTROL DATA FROM 
I PROCESS CONTROL SYSTEM DATA MANAGER 



1902 



OBTAIN PROCESS CONTROL DATA REQUEST 



NO 



I 



.1904. 



< 


GENERATE CLIENT SCHEMA? 






YES 

r 


^-1906 




GENERATE CLIENT SCHEMA 


. I 



NO 



< 



J. 



EXIT? 



YES 



1908 
1910 



STORE CLIENT SCHEMA 



1912 



NO 



< 



GENERATE QUERY 

1 



EXIT? 



YES 



^1914 



STORE QUERY AND SCHEMA 



1918 



"Cl916 



OBTAIN PROCESS CONTROL DATA BASED ON 
QUERY 



1920 



CONVERT PROCESS CONTROL SYSTEM DATA 
TO CLIENT XML 



1922 



I 



STORE CLIENT XML IN SPECIFIED STORAGE 
LOCATION 



( RETURN ) 



FIG. 19 



WO 2005/107416 



PCT/US2005/015596 



25/30 



(EDIT USING EXTERNAL A 
EDITING SYSTEM J 



^-20 02 



RETRIEVE CLIENT XML FROM DESIGNATED STORAGE 

AREA 



^ I " YES 
< USE XML EDITOR? > 

2004-J I NO 



CONVERT PROCESS CONTROL DATA FROM XML FORMAT 
TO DESIGNATED DATABASE FORMAT 



2006 ZJ 



STORE PROCESS CONTROL DATA IN DESIGNATED 

DATABASE 



2008 J" 



COPY DATA FROM DATABASE TO DATA FIELDS OF 
SELECTED EDITOR 



2010 | 



| | PERFORM DATA EDITING FUNCTIONS | 



2012 ^ | 



OBTAIN VALID MODIFIED DATA 



2014 | 



STORE VALID MODIFIED DATA IN DESIGNATED DATABASE 
2016_y | 



CONVERT VALID MODIFIED DATA FROM DATABASE DATA 
FORMAT TO CLIENT XML 

2018.17 



( RETURN ) 



FIG. 20 



WO 2005/107416 



PCT/US2005/015596 



26/30 



(IMPORT MODIFIED PROCESS CONTROL^ 
DATA TO PROCESS CONTROL SYSTEM J 



^2102 



RETRIEVE CLIENT XML FROM DESIGNATED STORAGE 

AREA 



I , £2104 



OBTAIN CLIENT SCHEMA AND SERVER SCHEMA FROM 

CLIENT XML 



, I x -2106 

V ES < ARE CLIENT XML AND CLIENT SCHEMA VALID? > > 



£-2108 



GENERATE ERROR MESSAGE 



| STORE ERROR MESSAGE IN LOG FILE 



r 2110 



_£-2112 



LOAD MODIFIED PROCESS CONTROL DATA INTO CLIENT 

MODEL 



I r 2 1 14 

GENERATE UPDATE QUERIES H 

I yJ -2116 



COMMUNICATE UPDATE QUERIES AND SERVER XML TO 
CONTROL SYSTEM DATABASE SERVER 



| ^2 118 



STORE MODIFIED PROCESS CONTROL DATA IN CONTROL 
SYSTEM DATABASE 



( RETURN ) 



FIG. 21 



WO 2005/107416 



PCT/US2005/015596 



27/30 



c 



SEARCH AND REPLACE EDIT 



2202 



OBTAIN SEARCH AND REPLACE INFORMATION 



I 



r 



2204 



COMMUNICATE SEARCH AND REPLACE INFORMATION TO 

CLIENT MODEL 



I 



JO 



2206 



GENERATE UPDATE QUERY 



2208 



SEARCH AND REPLACE PROCESS CONTROL DATA IN 
DATABASE BASED ON UPDATE QUERIES 



I 

( RETURN ) 



FIG. 22 



WO 2005/107416 



PCT/US2005/015596 



28/30 



C EDIT IN PLACE ) 

I £-2302 



SUBMIT PROCESS CONTROL DATA REQUEST TO CLIENT 

MODEL 



^-2304 



GENERATE QUERY 



I ^2306 



OBTAIN PROCESS CONTROL DATA IN SERVER XML FROM 
PROCESS CONTROL SYSTEM DATABASE AND LOAD 
SERVER XML IN CLIENT MODEL • -~ - 



| ^23 08 



COMMUNICATE PROCESS CONTROL DATA FROM CLIENT 
MODEL TO IN-PLACE EDITOR 



4, ^2 310 



POPULATE DATA FIELDS WITH PROCESS CONTROL DATA 



_£_2312 



PERFORM DATA EDITING FUNCTIONS 

| ^23 14 
OBTAIN VALID MODIFIED DATA | 

| ^23 16 



CONVERT VALID MODIFIED DATA TO SERVER XML 



^2318 



GENERATE UPDATE QUERIES 

I ^23 20 



COMMUNICATE UPDATE QUERIES TO CONTROL SYSTEM 
DATABASE SERVER 



_^2322 



STORE MODIFIED PROCESS CONTROL DATA IN PROCESS 
CONTROL SYSTEM DATABASE 



( RETURN ) 



FIG. 23 



WO 2005/107416 



29/30 



PCT/US2005/015596 



YES 



( PERFORM DATA EDITING FUNCTIONS ) 



2402 ■ T 



<; RECEIVED COMMIT COMMAND? > » 



2404^ 



NO 

NO 



<^ HAS FOCUS EFFECT CHANGED? > > 



YES 

YES 



2406-^ 



MODIFIED VALUES IN PREVIOUS SELECTION VALID?>> 



2408 


NO 

r 


DISPLAY INVALID DATA INDICATOR FOR INVALID MODIFIED 

DATA 




I 


i 


SHOW VALID DATA INDICATO 


R FOR VALID MODIFIED DATA 



. : ^ NO 

<; HAVE OTHER DATA FIELDS BEEN SELECTED? > 



2412 



~7 



<; . EDITABLE DATA? 



YES 

NO 



2414-^ 


YES 

r 


I DISPLAY EDITABLE INDICATOR FOR EDITABLE DATA j 


2416^ x : 




DISPLAY NON-EDITABLE INDICATOR FOR NON-EDITABLE 

DATA 




^-2418 



< COMMON DATA FOR PLURALITY OF DEVICES >v 
SELECTED? / 

|YES <^2Q 



NO 



DISPLAY DIALOG BOX WITH DATA FIELD 



^-2422 



COMMUNICATE VALID MODIFIED DATA TO CLIENT MODEL | 



^-2424 



DISPLAY ERROR MESSAGE FOR ANY INVALID MODIFIED 
DATA 

~ I "^"2426 



FIG. 24 ( RETURN ) 



WO 2005/107416 



PCT/US2005/015596 



30/30 



2510 



2516 



2522 




2512 



2518 



I/O 

CONTROLLER 



MEMORY 
CONTROLLER 



2520 



2526 



I/O 
DEVICE 



2514 



r 



2532 



SYSTEM 
MEMORY 



I/O 




DEVICE 





NETWORK 
INTERFACE 



2528 



2530 



MASS STORAGE 
MEMORY 



2524 



^-2525 



FIG. 25 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

<3^COLOR OR BLACK AND WHITE PHOTOGRAPHS 
□fGRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



